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AN ECONOMIC STUDY OF CROP PRODUCTION 
IN THE 
RED RIVER VALLEY OF MINNESOTA 
GEORGE A. PoND, GEORGE A. SALLEE, and C. W. CRICKMAN 
INTRODUCTION 
The agricultural development of the Red River Valley began about 
1870. Vast areas of virgin prairie were broken up by the early settlers 
and sown to wheat. Except for a small acreage of oats and barley, 
wheat was the only crop grown. As the soil was naturally very pro-
ductive, wheat was grown continuously without careful preparation of 
the soil. In later years the production of oats and barley increased and 
flax was introduced. Crop rotation, however, was not practiced gen-
erally in the area, at least not for the purpose of conserving or improv-
ing the producing power of the soils. The growing of spring grains 
continuously on the same fields gradually subjected wheat growing to the 
usual hazards that accompany single-crop farming-declining produc-
tivity of the soil, increase of weed pests, the accumulation of plant dis-
ease~, and frequent ravages of insects, with attendant declines in yields. 
In the meantime, the spring-grain frontier was moving on farther west 
and northwest, where the industry of wheat growing was becoming 
established on a new physical and economic basis through the introduc-
tion of modern machinery, adapted especially to semi-arid farming. 
The many natural hindrances to wheat growing, especially weeds, 
together with the increased competition from newer areas, are bringing 
about the introduction of additional cash crops to the Valley as well 
as crops that aid in controlling the weeds. As early as 1910 the acreage 
of wheat in the Valley had decreased fully 40 per cent below that 
recorded in 1900. The acreage of corn and potatoes has expanded 
rapidly during the last ten years or more; that of legumes, especially 
alfalfa and sweet clover, is increasing. Recently, sugar beets have 
become an important crop. With an increasing amount of feed crops 
to dispose of, there has been a strong impulse toward the development 
of livestock enterprises in conjunction with grain farming. Thus, a 
system of mixed farming is gradually displacing the old system, under 
which the farmer gave his attention almost exclusively to spring grains. 
NATURE OF THE STUDY 
In view of the transition which farming in the Red River Valley 
is undergoing and the widespread interest in the possibilities of making 
further adjustments in type of farming in response to changed physical 
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and economic conditions, a study of the agriculture of the region was 
begun in the spring of 1926 by the Minnesota Agricultural Experiment 
Station and the Bureau of Agricultural Economics of the United States 
Department of Agriculture.1 The study was continued in 1927 and 
1928. In addition to general observations and an interpretation of 
statistical information currently available, a detailed study was made 
of the organization and operation of a group of representative farms 
in Polk County. Complete records of labor and materials used in 
crop and livestock production, the production obtained, and the financial 
transactions of each farmer for each year were obtained to serve as 
the basis for judging the relative desirability of different combinations 
of crops and amounts of livestock, and the adjustments of these com-
binations to varying physical and economic conditions ; and for study-
ing the best methods of handling the crops and livestock in these 
combinations. 2 
The results of the study are reported in a serie<; of three publica-
tions; this bulletin, "An Economic Study of Crop Production in the 
Red River Valley of Minnesota"; in Bulletin 283, "An Economic Study 
of Livestock Possibilities in the Red River Valley of l\!Iinnesota"; and 
in Bulletin 284, "Planning Systems of Farming for the Red River 
Valley of Minnesota," the problems that make necessary adjustments 
in the present systems of farming and the method of using basic farm 
organization data in planning and testing adjustments in the organiza-
tion of individual farms, with illustrations. 
The discussion of the data on crops is presented in six parts : 
I. A description of the physical and economic factors affecting agri-
cdtural production in the Red River Valley. 
1 The authors wish to acknowledge assistance from the chiefs and members of the staff 
of the divisions of Agricultural Economics, Minn. Agr. Expt. Sta., and of Farm Management 
and Costs, Bureau of Agricultural Economics, in organizing and developing this study; and 
in reviewing and criticising the manuscript. Special credit is due to D. Curtis Mumford 
and Andrew T. Hoverstad, formerly members of the staff of ·:he Division of Agricultural 
Economics, for their services in collecting and tabulating the data; to W. J. Roth, of the 
Bureau of Agricultural Economics, for his assistance in outlining and criticising the manu4 
script; to R. S. Dunham of the Northwest Experiment Station, Crookston, for his many 
helpful suggestions during the preparation of the manuscript; and to C. 0. Ruud, who super· 
vised the collection of the data in the field. The thanks of the authors and the divisions 
making this study are due the following farmers for their co-operation in furnishing the data 
upon which this bulletin is based: Ballantine Bros., John Bauer, Henry Beiswenger, William 
Beiswenger, Ole Bjorge, W. F. Boltman, B. E. Bredlie, H. P. Briden, J. E. Briden, Roger 
Briden, A. P. Christiansen, Carl Christiansen, Artnur Eisert, Ole A. Flaat, G. L. Gibbons, 
Vera! Gibbons, Andrew Hanson, Miner A. Helgeson, 0. M. Kasburg, A. C. Linden, LaPlante 
Bros., Herbert Nissen, John Perry, Oscar Quarberg, August Ross, Otto Ross, Herman Sky-
berg, J. P. Tiernan, Harke Veldman, Martin Wagner, Earl \Vardell, L. A. Wentzel, M. E. 
Wentzel, Wm. F. Wentzel, Wurden Bros. 
2 The complete cost route method was used in making the detailed study. Records were 
kept by the farmers whose business was studied under the supervision of a route man who 
visited each farm at regular intervals. This method is described in detail in Minn. Agr. 
Expt. Sta. Bull. zos, by G. A. Pond and J. W. Tapp; also issuod as U. S. Dept. of Agr. 
Bull. 127 r. 1923. 
CROP PRODUCTION IN THE RED RIVER VALLEY 7 
2. An account of the development of the agriculture ol the area 
from the time of settlement, summarizing the changes in the relative 
acreages of the crops grown with some of the principal reasons therefor 
and showing geographically the present choice of crops, thus leading up 
to the present conditions under which crops are produced. 
Fig. r. Location of the Area Studied 
The ·farms included in the detailed study were similar in type to the majority of farms 
located throughout the Red River Valley of Minnesota. 
3· A discussion of the cropping problems that make necessary 
further adjustments in the cropping systems. 
4· A detailed statement and analysis of the amount and distribution 
of man labor, power, and materials used in the production of the crops 
grown on the farms studied. 
S· A discussion of the physical and economic relationships between 
different crops. 
6. Some suggestions on the cropping systems. 
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DESCRIPTION OF THE RED RIVER VALLEY 
, The natural conditions of climate, soil, and surface, together with 
the location of the Red River Valley with reference to markets and 
the development of transportation, determine to a large degree the crops 
that can be grown there. 
Topography 
The Red River Valley in Minnesota is essentially a plain. It lies 
wholly within the region once covered by the waters of the ancient 
Glacial Lake Agassiz and except for the beach lines that mark the vari-
ous stages of the ancient lake as it receded toward the north, the surface 
is flat, with barely perceptible depressions and low swells. The old 
beach lines, which occur in the eastern part of the area, consist of 
narrow ridges, varying from a few rods to about one-half mile in width 
and extending in a general north and south direction. 
Drainage 
Natural drainage of the area is for the most part poor. The tribu-
taries of the Red River are shallow, winding streams with few 
branches. Bottom lands have not been developed by these streams 
except along the lower reaches. Narrow strips of land bordering the 
streams and coulees are usually fairly well drained, but artificial drain-
age is necessary on the greater portion of the level areas before they 
can be fully developed agriculturally. Away from the streams, water 
drains into the broad depressions from the surrounding country and 
collects, causing them to remain wet during the greater part of the 
spnng. 
Drainage ditches, with outlets into the principal streams or large 
coulees, have been opened through the extensive poorly drained dis-
tricts, and excess water from the neighboring land~· is carried to the big 
ditches by means of shallow lateral ditches, which are along the section 
lines. The laterals are usually too shallow, however, to drain thoroly 
the lands bordering them, for depressions lower than the level of the . 
ditches frequently occur in the fields. More recently, highway ditches 
constructed in connection with road building have greatly aided drain-
age. Tile drainage is not practiced generally, altho it has been demon-
strated on the Northwest Experiment Station farm, at Crookston, that 
tile drainage is effective wherever a satisfactory outlet can be obtained. 
Outlets are usually difficult to obtain, however, and frequently are to be 
found only at considerable distances from the land to be drained. Lack 
of adequate drainage remains one of the important limiting factors to 
a fuller agricultural development of the Valley. 
F1g. 2. Map of the Surface Formations in the Red River Valley and Adjoining Territories 
Tbe old beach lines of Lake Agassiz, indicated by the eel-like lines, mark the eastern 
boundary of the Red River Plain. (Adapted from map of the surface formations of Minne-
sota, by Frank Leverett, Geologist, United States Geological Survey.) 
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Soils 
The soils of the Valley are lacustrine deposits derived from glacial 
drift, which was deposited in the basin and along the beaches of Lake 
Agassiz, or alluvial deposits laid clown by the rivers after the glacial 
lake had receded northward. In general, they are of excellent quality 
for agriculture and well suited to cultivation when adequately drained. 
The alluvial soils, coyering a narrow strip near the Red River and 
widening out to a breadth of five to ten miles where the lateral streams 
empty into the Red River, are naturally well drained and among the 
most productive soils of the area. The top soil is clark brown to black 
silt loam, high in organic matter, and grades at about r 5 inches into 
a highly calcareous subsoil of yellow silty loam, which becomes a gray 
silty clay at a depth of 3 to 5 feet below the surface. This soil is easily 
cultivated and breaks up into a loamy, friable condition; the silty texture, 
together with the large proportion of organic matter, giving it a very 
desirable tilth. 
Eastward, beyond the alluvial soils, a clay belt with an average 
width of about fifteen miles, extends the length of the Valley. These 
black silty clay or clay loam soils underlain by a gray to drab calcareous 
silty clay are lacustrine deposits and form one of the mosc extensive 
soil types in the Valley. A relatively large quantity of organic matter 
in the surface makes this soil friable and easily cultivated when dry but 
very sticky and tenacious when wet, making plowing during wet seasons 
difficult. As a whole natural drainage is very poor, but the drainage 
of the soil has been improved greatly during recent years by extensive 
ditching. In some of the extensive poorly drained areas deposits of 
peat are found. Some accumulation of alkali occurs in small spots, 
usually in wet places; but better drainage usually will free these spots 
from excessive amounts of soluble salts. In limited areas the ground 
water is strongly impregnated with alkali salts, making it unfit for drink-
ing purposes for both men and animals. In these areas it is necessary 
to impound either melted snow or rain water in artificial reservoirs to 
supply livestock and in cisterns for household use. When well drained, 
the clay loam is one of the best soils in the Valley for general farming 
purposes. 
Between the old beaches on the east and the belt of clay loam on 
the west, the soil is a fine to very fine sandy loam, clark brown to 
black. The subsoil to a depth of 25 inches is gray to brown, sticky, 
fine sandy loam, usually containing more silt than the surface soil. It 
grades at the average depth of 25 inches into a fine yellow to gray sand. 
This soil is easily cultivated and can be plowed much earlier in the 
spring and after heavy rains than the heavier soils. Clods formed 
when the soil is plowed in a wet condition do not become hard and the 
surface is easily reduced to a good state of tilth. 
CROP PRODUCTION IN THE RED RIVER VALLEY II 
The sandy loam area occupies a position slightly higher in the old 
lake basin and, with the sandy texture of both soil and subsoil, it is 
naturally better drained than the clay loams. Crops grown on it are 
not so seriously damaged by heavy rainfall. In the spring of the year, 
however, the level of the ground water is seldom more than 3 feet 
below the surface and some of the shallow depressions frequently remain 
in a cold wet condition for a considerable length of time, tho the 
surface water drains off more rapidly than where the subsoil is heavier. 
Interspersed in the fine sandy loam areas and especially near the 
old b::aches are smaller areas of similar surface soil but underlain with 
beds of gravel, which usually occur at a depth of 30 to 36 inches, tho 
sometimes nearer the surface. These areas are characterized by numer-
ous small shallow depressions that are difficult to drain, and even the 
better drained portions are not productive in a dry season. The 
difficulty of draining a soil of this type, together with the poor moisture 
conditions in dry seasons, makes it of little agricultural value except 
for pasture and wild hay. 
All the cultivated soils of the Valley are naturally rich in plant 
food elements, and do not require limestone for growing legumes. 
Fields that have been subjected to years of continuous grain growing 
respond markedly to crop rotation, the use of legumes, and better cul-
tural methods; but the average farmer in the Red River Valley does 
not find it generally profitable to use commercial fertilizer except in the 
form of superphosphate applied to alfalfa and sugar beets. Phosphate 
fertilizers have been found profitable on potatoes in some places. Other 
common crops have not always responded profitably. Additional sul-
phur is not needed and the supply of potash is adequate for all crops 
with the possible exception of sugar beets in limited areas. The clay 
soils have become compact through misuse and are benefited by good 
cultural practices and the addition of humus-forming materials. 
Climate 
The climate of the Valley is characterized by a relatively low annual 
rainfall, a short growing season, and a wide variation in tempera-
ture between winter and summer. The mean annual precipitation 
ranges from about 20 inches in the northern counties to 26 inches 
in Wilkin County. However, the greater part of the rainfall occurs. 
in the late spring and early summer-the time of greatest. benefit to 
crops grown on well drained land. On the whole, the distribution of 
the rainfall is such that serious droughts are of rare occurrence. On 
the other hand, the large amount of rainfall in May and early June 
frequently delays seeding and at times causes the poorly drained sec-
tions of the land to remain too wet for cultivation until too late in the 
season for any crop on them to mature. 
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The greatest part of the annual rainfall occurs in the late spring and early summer; 
the time of the greatest benefit to crops grown on well drained land. 
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The winters are long and cold. The soil freezes, usually, in Novem-
ber and remains frozen, under a cover of snow, until March or April. 
The farming season is short, but the cool, moist spring, merging gradu-
ally into hot summer days with the 14 to 16 hours of sunshine, favors 
the quick growth and maturity of crops (see Fig. 3). \Varm south 
and southwest winds with frequent showers are other favorable factors. 
The falls are marked by little rainfall and by cold frosty nights. Some 
warm Indian Summer days are favorable to the harvesting of crops 
and to fall plowing. 
Table 1, compiled from the records of the Weather Bureau Station, 
at Crookston, gives climatological data recorded at approximately the 
geographical center of the Valley. 
Table I 
Climatological Data from the United States Weather Bureau 
Station at Crookston, Minnesota 
P.resipitation, in.* ........... . 
Precipitation, in., Apr. 1-Sept. 30* 
Mean annual temperature, deg. t 
Mean winter temperature, deg. t 
Mean summer temperature, deg. t 
Minimum temperature, deg.t .. . 
Maximum temperature, deg. t .. . 
Number of frost·free days* ... . 
Last killing frost in spring* •.... 
First killing frost in fall* ... 
Direction of prevailing wind* .. 
* Records for 30 years. 
t Records for 20 years. 
Average 
20.30 
I 5·53 
39·01 
19·41 
58.57 
-32 
g6 
126 
May 20 
Sept. 23 
South 
Range 
9.27-29.60 
6.08-24.03 
36.o8-41.57 
14.7J-23.s8 
S3·77-6t.6o 
-23--39 
88- 108 
78- 171 
Apr. 20-J une 9 
Aug. 26-0ct. 26 
Adaptation of Crops 
Years of study 
1926 1927 1928 
13·99 20.94 r8.99 
g. IS 17.71 16.46 
39·83 38.o6 4!.57 
rg.8o 19.2·7 20.20 
s8.go 57·67 57·77 
-25 -32 -23 
97 91 94 
II3 133 ll2 
May 22 May 15 June 3 
Sept. 12 Sept. 25 Sept. 23 
South North North 
Because of the cold, dry winters and short, frost-free growing sea-
sons, grain crops are best adapted to the region-spring wheat, barley, 
oats, and flax, which are seeded in the spring and harvested in the 
late summer or early autumn after a growing season of from 100 to 130 
days. The Red River Valley has long been noted for the high quality 
of its potatoes. The Early Ohio variety is well suited to the heavy soils; 
Irish Cobbler and Bliss Triumph to the sandy and sandy loam soils. 
Rye and buckwheat are grown on only the sandy soils. Emmer, com-
monly called spelt, is adapted to the conditions but is seldom grown. 
The growing season is short for corn. However, if the season is not 
too unfavorable, e~rly-maturing varieties can be ripened and corn for 
ensilage is growri without difficulty. Sugar beets and the feed root 
crops, as mangles, rutabagas, and turnips, yield well. 
The clover.s, alfalfa, and meadow fescue grow abundantly without 
the use of limestone. These crops frequently winter kill, but this diffi-
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Fig. 4· Growing Season in the Red River Valley, by Years, 1910-1929, Inclusive 
' 
The length of the bars represents the period between the last killing frost in the sprin~ 
and the first killing frost in the fall, according to data recorded by the United States Weather 
:Bureau Station located at Crookston. 
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culty can be largely overcome by careful handling. Brome grass pro-
duces good pasture. Timothy is grown for both hay and seed. The 
native grasses largely are bluegrass, bluejoint, wild cereal grasses, 
and marsh grasses. 
A wide variety of garden crops of high quality can be grown and 
most of the small fruits, as plums, raspberries, gooseberries, currents, 
and strawberries are well adapted to the Valley. Onions are grown 
commercially in limited areas. 
Crop Yields 
Yearly average yields for the last ten years of the crops commonly 
grown in the Valley are shown in Table 2. In general, crop yields 
are much below the potentialities of the soil and climatic resources. 
Better yields are possible through more careful farming, on the majority 
of farms. This is demonstrated by the yield trials conducted at the 
Northwest Experiment Station, at Crookston (see Table 3), and is con-
firmed by the experience of farmers who have freed their farms of 
weeds and improved the soil with a rotation of crops that includes a 
legume. 
Table 2 
Yearly Average Yield per Acre of Specified Crops Grown in the 
Red River Valley 1919-28 a,nd Io-Year Average* 
ro-year 
I9I9 1920 1921 1922 I92·J I924 I925 1926 1927 1928 av~rage 
Wheat, bu. • • • • • 0 • • • • 8 9 q IO 20 II IJ IO I4 Ir.8 
Oats, bu. 
············ 
24 33 I8 JI 26 36 33 25 I9 32 27-7 
Barley, bu. 
·········· 
20 25 I7 2·6 2I 29 25 23 25 26 23-7 
Flax, bu. 
········· 
.. 8 8 9 9 8 IO 9 6 6 8.0 
Corn, bu. 
············ 
36 26 35 29 JO 25 24 27 IO JO 27.2 
Rye, bu. ............. IS I5 I4 17 9 I9 II IJ 15 14 14-2 
Potatoes, bu. ........ 86 91 !OJ 88 I02 105 So 93 89 99 93·6 
Tame hay, tons 
······· 
r.6 1.4 1.4 1.2 1.5 1.7 I.J 1.7 I.6 1.5 
Wild hay, tons ....... 1.3 0-9 I.O I.O 0.9 I. I I.O I.J I.O r.o 
* Compiled from the annual crop reports of the Minnesota State Dept. of Agr. by averag· 
ing the reported yields for Clay, Kittson, Marshall, Norman, Pennington, Polk, Red Lake, 
and Wilkin Counties. 
In Table 3 are shown the average yields of specified crops grown 
in field trials at the Northwest Experiment Station, together with yields 
obtained by farmers co-operating in the special study made in Polk 
County. The yields shown for the farms studied are 3-year averages 
of the highes: yield in the lower three-fourths of the. range of yields 
obtained each year on all farms. These yields in both instances were 
obtained under farm conditions and represent a conservative measure of 
the possibility for better yields in the Valley. 
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Table 3 
Aveerage Yields of Specified Crops Grown in Field Trials at the Northwest 
Experiment Station, Crookston, and on Certain Farms 
Studied in Polk County* 
Northwest Experim ~nt Station Farms studied 
Crop Period of Average Period of Average 
Wheat ... 
Barley .. 
Oats .. 
Flax ..... . 
Potatoes .. 
Corn silage 
Alfalfa ... . 
Beets ............... . 
record yield* 
bu. 
rgzr -27 18.7! 
1921-27 34·6 
l92i-2j 59- I 
1923-27 L?.4 
1926·27 I 20.21: 
tons 
I926·27 6.9 
1923-27 3·3 
19:27 I 3·5 
record yield 
bu. 
1926-28 I9-7 
1 ~)26-zS 32·5 
1 C}2(J-28 43·8 
1920-28 7-8 
I926·23 I 23.8 
tons 
I 926-zS 4·3 
1{)26 28 1.6 
I926-28 II. I 
* Compiled from the Annual Report of the Northwest Experiment Station. Crookston, 
for 1927. 
t Weighted average of yidds of ]\farquis and I\1indum varie~ies. 
:j: Average yield on 3-year rotation plots. 
Transportation and Markets 
The Red River Valley is well supplied with direct rail transporta-
tion to Minneapolis, Duluth, Winnipeg, and the Pacific Coast. Prac-
tically all the wheat, barley, oats, and flax marketed moves eastward 
through Minneapolis and Duluth. Potatoes of the Irish Cobbler and 
Bliss Triumph varieties are distributed through local dealers into 
Kansas and the Southwest; the Early Ohio variety finds a market prin-
cipally in Illinois and Iowa. Surplus livestock is marketed directly 
to packing plants located at Grand Forks and Fargo, North Dakota, 
or shipped co-operatively to South St. Paul. Co-operative creameries 
are distributed throughout the Valley, but, on the whole, concentration 
of the production of dairy products is not sufficient to justify a creamery 
in every community. For the most part, dairy products are marketed as 
sour cream to the large centralizer creameries in the larger towns. The 
American Beet Sugar Company erected a beet sugar factory at East 
Grand Forks in 1925, which manufactures into sugar the beets grown 
in the Valley. This company has placed loading facilities at railway 
sidings wherever a sufficient tonnage can be obtained. 
AGRICULTURAL DEVELOPMENT OF THE RED RIVER 
VALLEY 
A knowledge of the changes that have taken place in the cropping 
systems in the Red River Valley, together with the principal reasons 
for these changes, furnishes an explanation of why the present crop-
ping system has become what it is. The reasons are to be found in 
the natural conditions of the land, the accessibility to markets, the prog-
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ress of far01ing practice, and the accumulation of capital at different 
stages in the agricultural development of the region. They are also 
to be found in the relative prices that could be obtained for the various 
crops to the production of which the resources of the Valley are fitted. 
Readjustments in the cropping systems seldom keep pace with the 
forces operating to make further changes desirable.· The reasons for 
the readjustments apparent in recent years, therefore, together with 
a description of the cropping systems, become the basis for the study 
of present maladjustments. 
History of Settlement 
A few pioneer farmers settled in the Red River Valley prior to 
1870. They found the winters too severe for growing winter wheat; 
and spring wheat, altho it was adapted to the region, was marketable 
only at a relatively low price. The early American milling process left 
spring wheat flour dark, and the dark flour did not sell readily in 
competition with white winter wheat flour. It was not until 1870 that 
the milling process for making Minnesota ·Patent flour was introduced. 
Thereafter spring wheat commanded a premium over winter wheat on 
a ready market, and a tide of immigration moved into the Valley to 
grow spring wheat. In 1871 two railroads were extended to the south-
ern end of the Valley-the St. Paul and Pacific to Breckenridge and the 
Northern Pacific to Moorhead-to carry immigrants to the Valley and 
wheat to market. A period of rapid agricultural development followed. 
The Valley was well adapted, physically, to large-scale farming opera-
tions and the development of new machinery about this time made 
extensive grain farming possible. Settlement had extended to the 
Canadian border in 188o, and by 1900 farming had expanded over the 
entire Valley. In 1900, 62 per cent of the land area was in farms, 
with approximately 71 per cent of the farm area improved (see Table 
4). With the larger part of the more accessible farm lands of the 
Valley settled, expansion was halted during the next decade; but it 
continued during the period 1910 to 1920 under the stimulus of the war-
time demand for wheat. Since 1920, however, much of the new land 
drawn into cultivation during the period of war prices has been 
abandoned. 
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Table 4 
Progress of Agriculture in the Red River Valley of Minnesota, 1870 to 1925 
(U. S. Census)* 
Percentage Percentage Value po::-r 
Percentage 
of farm 
No. of Acres of of total of total acre of land in Popu-
Year farms land in land area farm land land and crops, ex~ i:lt1011 
farms in farms improved buildings cl usi ve of 
wild hay 
18/0 9,892 0.2 ~·5 $ 2.6J 199 
188o J,142 701 ,..j68 I 2, ') I :-\.J i -94 10.6 10,918 
x89o 10,626 2,207,C\41 ..J.0-5 54-8 l 0.26 37· 5 36.sss 
I9'JO 14,.50+ 3,40'9. 134 62.3 (J9-4 zs.8.~ 46.o 112,338 
1910 I J,CO ~ 3··197.612 64.2 74-2 .25--12 47-9 I 20,097 
1920 I 5,485 4,2 z8, 1 57 77·3 78.4 GS.oo 53 .. 1 1.]3.372 
1925 I 5,8 I.) 3.957,230 72.6 79·5 49-10 54·8 
*Compiled by combining census data for Clay, Kittson, :rvlarshall, Norman, Pennington, 
Polk, Red Lako, and Wilkin Counties. 
Changes in Acreage of the Principal Crops 
On the whole, the trend in the percentage of crop land devoted to 
wheat has been downward since I89o (see Fig. 5). With few excep-
tions the trend in the acreage of oats and barley has been upward. 
Flax, in its general movement northward and westward, passed through 
the Valley during the I o-year period I 900 to I 9 IO. Recently there has 
been a renewed interest in flax. Virtually no rye was grown in the 
Valley until about I9IO, when farming expanded into the sanely areas. 
While it has been one of the principal crops grown in these areas, it 
is not one of the important crops of the Valley as a whole. Previous 
to I9IO few potatoes were grown., and not until. I920 was there much 
increase in acreage outside of Norman and Clay Counties. The acre-
age of corn increased rapidly after the war until 1924, with some reac-
tion later. The southern counties began to grow corn earlier and the 
increase there has been more rapid, especially corn for grain. It has 
been only during the last few years that corn has been grown as far 
north as Kittson County. Sweet clover, alfalfa, and sugar b~ets have 
become important crops in the Valley during the last r o years and the 
acreage of each is increasing. 
During the period of expansion and development, wheat and oats 
were practically the only crops grown in the Valley, with approximately 
8o per cent of the crop land devoted to wheat. Capital was scarce and 
farmers were compelled to concentrate their efforts on the crops that 
promised cash returns in the shortest possible time. The relative extent 
of the wheat acreage from year to year depended upon the character 
of the spring season. When field work could be clone early in the spring, 
the maximum acreage of wheat was sown; if the season was late, oats, 
barley, and flax were grown more extensively, as they can be seeded 
later and still mature before frost. 
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Fig. s. Changes in the Choice of Crops in the Red River Valley, 187g-rgz8, as Shown 
by the Percentage Distribution of Total Acreage of Seeded Crops 
The trend in the percentage of crop land devoted to wheat has been downward; that in 
the percentage devoted to feed crops, has been generally upward. 
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The practice of growing wheat on approximately So per cent of the 
cropped area during the first 30 years of farming in the Valley de-
veloped unfavorable soil conditions, weed pests, and plant diseases, and 
the attempt to control these conditions during the last 30 years has 
been largely responsible for the changes since 1900. Black stem rust, 
the most destructive cereal disease in the spring wheat area, and weeds 
such as sow thistle, Canadian thistle, and quack grass have been im-
portant factors contributing to the rapid decline in wheat acreage since 
1900. The reduced yields and the uncertainty of the wheat crop as a 
result of these unfavorable conditions caused farmers to shift first to 
more oats and barley, then gradually to inter-tilled crops in an attempt 
to improve the physical condition of the soil and to eradicate the weeds 
(compare Tables 2 and 3). 
Between 1899 and 1909 wheat was displaced rapidly in the cropping 
system by b1rley and oats. During this ro-year period the acreage of 
wheat decreased from approximately 70 per cent of the total acreage 
in crops to 40 per cent. The absolute decrease in acreage was 37 per 
cent. On the other hand, oats and barley each increased relatively 8 
per cent. The rate of expansion of the acreage of corn increased 
slightly, especially in Wilkin County, and the acreage of potatoes like-
wise increased, chiefly in Clay County. Potatoes were the only culti-
vated crop known to be well adapted to Valley conditions when the 
movement toward cultivated crops was begun. A crop of potatoes 
grown ahead of a grain crop improves the physical condition of the 
soil and to a considerable extent cleans the land of weeds. Potatoes 
are also a substitute for wheat as a cash crop. The heavy labor de-
mands, however, limit the acreage that can be grown without pro-
viding extra labor, and the total acreage in the Valley is still relatively 
small, notwithstanding the fact that potatoes of very high quality can 
be grown. 
Conditions of the war period were refe;cted in the relative crop 
acreages in 1919. The acreage of barley and oats, especially of barley, 
was decreased to grow more wheat, and, to a minor extent, rye (see 
Fig. 5). Immediately following ·1919, however, there were marked 
yearly decreases in both the relative and the absolute acreage of wheat. 
Within the next 4 years the acreage of wheat decreased relative to other 
crops 20 per cent and absolutely 54 per cent. This rapid decline in 
the acreage of wheat and the increase in the acreage of feed crops 
after the war was a readjustment to the trend toward mixed farming, 
which war-time conditions interrupted. The rate of this readjustment 
was greatly stimulated by the relatively low price of wheat during the 
period immediately after the war. The general policy of the farmers 
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in recent years has been to rotate sweet clover and cultivated crops 
on an increasing proportion of the farm in order to improve the fer-
tility and physical condition of the soil and clean the land of weeds. 
Since 1924 wheat has continued to occupy about 22 per cent of the 
combined acreage devoted to all crops; the acreages of barley, corn, 
and potatoes have steadily increased in proportions. The relative pro-
portion of the crop land devoted to hay has doubled during the last 
ro years. 
The adaptation of crops to adverse conditions, thnmgh the develop-
. ment of new varieties, has been an important factor in affecting recent 
changes in acreage. The introduction of the Grimm variety has elimi-
nated much of the risk of winter-killing of alfalfa. The development 
of earlier maturing varieties of corn made possible an increase in corn 
acreage following 1920. Furthermore, farmers are learning to sub-
stitute barley for corn in feeding. The reduction in the acreage of 
corn since 1925 was the result of a succession of three poor corn seasons, 
beginning in 1924. Wilt-resistant varieties of flax, first developed about 
1913, have made it possible to grow flax on old land. Much of the 
renewed interest in flax, however, was due to its favorable market 
position created by an increased world demand and the enactment in 
1922 of a tariff of 40 cents per bushel on flax seed. In 1930 the tariff 
was raised to 65 cents per bushel. 
Because of the favorable price of rye compared with that of wheat 
the acreage was more than doubled in I 92 I. 
The problems of crop risk and better labor distribution also were 
involved in the movement toward a rotation of crops and diversification 
with livestock. With the system of specialized wheat farming, the 
seasonal distribution of labor is very uneven and unsatisfactory. Peak 
loads come in the spring at plowing and seeding time and again in 
harvest time. Extra labor must be employed at high wages. During 
the winter, on the other hand, the farmer who grows little else than 
wheat and spring grains has little to do. Obviously, if a man works 
only half a year he can not expect to clo as well as if he worked a whole 
year. 
Present Cropping Systems 
The cropping systems in the Reel River Valley continue to be pri-
marily combinations of the spring grains, notwithstanding the recent 
increase in acreage of such crops as corn, potatoes, sugar beets, and 
alfalfa. In Figures 6, 7, and 8 are shown the choices made by farmers 
in different parts of the Valley betvveen the various seeded crops for 
1927.3 Figure 6 shows the first choice by township as indicated by the 
3 The Minnesota State Farm Census was the source of data for these figures and others 
following in which are shown the percentage, by townships, of :til farm land devoted to 
various uses. 
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crop occupying the largest percentage of all farm land. Figure 7 shows 
second choice, or the crop occupying the second largest percentage, and 
Figure 8 shows third choice. The choice of crops is the result of the 
interaction of all the various physical, biologic, and economic factors 
affecting production on the farm. However, Figure 2 shows a high 
degree of similarity between the boundaries of the cropping areas, 
as shown in Figures 6, 7, and 8, and the lines dividing the different 
soil types. In general, wheat is the principal crop on the better drained. 
heavy soils high in organic matter. Barley can be grown on poorer 
soils with profit, and has the additional advantage of a later seeding 
date, which makes it adaptable to poorly drained, heavy soils which 
remain wet until late in the spring. Oats, being less exacting as to soil 
than any of the other cereals except buckwheat and rye, occupy first 
place on the lighter sanely soils, and rank next to wheat in the border 
zone between the clay and the sand belts. The interspersion along the 
eastern border of glacial clay soils, which are often poorly drained and 
frequently not adapted to crops other than hay, results in tame hay 
occupying an important place there. 
PRINCIPA.L CROP AS SHOWN BY PERCENTAGE 
OF ALL FARM LAND 
-WheaT 
~Borte!l 
~Oars 
~Tom~ hoy 
~F/0)(, 
CJn9 e 
Fig. 6. First Choice of Seeded Crops as Shown by Acreage in 1927, by Townships 
Wheat is the principal crop grown on the better drained, heavy soils, high in organic 
matter. Oats, being less exacting as to soils than most other crops, occupy first place on 
the light sandy soils. 
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SECOND CHOICE CROP AS SHOWN BY PERCENTAGE 
OF ALL FARM LAND 
.Wh•af 
miJ Ba,.l•y 
~l'la.J< 
WRy• 
1m Oof3 G:lJ Pot"fo•• 
~ To~• hoy £ml! Co'" 
Fig. 7- Second Choice of Seeded Crops as Shown by Acreage in 1927, by Townships 
Barley generally can be grown with p-rofit on poorer soils than can wheat, and barley has 
the additional advantage of a later seeding date, which makes it more adaptable to poorly 
drained, heavy soils that remain in a wet condition until late in the spring. 
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TfjiRD CHOICE CROP AS SHOWN BY PERCENTAGE OF ALL FARM LAND 
~Flax 
EJ Rye 
~Potatoes 
~Corn 
Fig. 8. Third Choice of Seeded Crops as Shown by Acreage in 1927, by Townships 
Minor differences in physical and economic characteristics of different parts of the 
Valley, while having little influence upon the selection of the leading crops, had a noticeable 
influence upon the selection of the third most important crop. 
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SPRING WHEAT: PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY, 1927 
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Fig. 9· Percentage of All Farm Land in the Red River Valley in Wheat, 1927, by Townships 
Wheat requires well drained land, as indicated by the extensive acreage in the town-
ships nearest the Red River. 
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BARLEY: PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY.I927 
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Fig. r.o. Percentage of All Farm Land in the Red River Valley in Barley, 1927, by Townships 
The production of .barley is more uniformly distributed throughout the Valley than that 
of any other crop. 
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OATS: PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY;I927 
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Fig. I I. Percentage of All Farm Land in the Red River Valley in Oats, I927, by Townships 
Oats are grown extensively throughout the Valley with a heavy concentration of acreage 
on the sandy strip in the southern half. 
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FLAX: PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY.I927 
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Fig. 12. Percentage of All Farm Land in the Red River Valley in Flax, I 927, by Townships 
Flax is commonly grown on new land, or old land that bas been well cleaned of weeds. 
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CORN; PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY,I927 
Fig, 13. Percentage of All Farm Land in the Red River Valley in Corn, 1927, by Townships 
Climate is the principal limiting Jador in corn production in the Hed River Valley. 
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Fig. 14· Pcrctntag-e of All Farm Land in the Red River Valley in Pot:atot:s, 1927, by Townships 
Potatoes arc an important crop in Clay County and along the Rc,l Hh·er in southr:rn 
PoJk and northern Norman Counties. 
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RVE: PERCENTAGE OF ALL FARM LAND IN 
THE RED RIVER VALLEY,I927 
Fig. 15, Pel'cenl.ltf{(~ of All Fnrm Lnnd in the R(!cl Hivcr Vnlley in l{ye, 19::!7, by 'f'ownHhipH 
'Rye iH one of !"he principal cropfl gTown on the light: HHtHly "lOiiH. Tl: i~1 not, however·, 
one of the imp(Jrlant crc1p~l of the Valley nA n whole. 
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Fig. 1 fi. Pt.t•mm!·nge of All Farm l.nnd in I: he Red River Vnll<'Y in Sup;nr Bet~tR. 
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1 1 'orlc::~, in Polk Counly. 
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IN THE RED RIVER VALLEY,I927 
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Fig. 17. Percentage of All Farm Land in the Red River Valley in Tame Hay, 
1927, by Townships 
Alfalfa is the most important hay crop, and is grown on all soils except alkali, peat, or 
very wet soils. 
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WILD HAY: PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY,I927 
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Fig. 18. Percentage of All Farm Land in the Red River Valley in \Vild Hay, 
1927, by Townships 
Wild hay is an importat).t crop on the sandy s0ils and on the extensive poorly·drained 
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ALL PASTURE" PERCENTAGE OF ALL FARM LAND 
IN THE RED RIVER VALLEY.I927 
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Fig. rg. Percentage of All Farm Land in the Red River Valley in Pasture, 1927, by Townships 
Rough topography or an encumbrance of stones or brush are responsible for the rela-
tively large acreage of pasture along the eastern border of the valiey. 
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Closer study of Figures 7 and 8 showing second and third choices 
and Figures 9 to 20 inclusive, which show the percentage of all farm 
land in each crop in 1927, by townships, reveals the location of inten-
sive production of the minor crops. Potatoes are important in Clay 
County; in a small area along the river in Polk County ; and, to a lesser 
degree, in Norman County,, where the rich clay soils have just the right 
amount of sand (see Fig. I 4). Flax is important on old land cleaned 
of weeds by the use of inter-tilled crops in the rotation and in areas 
still having new land to break each year (see Fig. I 2) . Corn occupies 
either second or third place in six townships in Wilkin County, but 
declines in importance toward the north because of the limitations of 
climate and, except in a group of townships along the Red Lake River, 
occupies less than 3 per cent of the farm area in the northern half Df 
the Valley (see Fig. I 3). Sugar beet growing is scattered along the 
river in Marshall, Polk, Norman, and Clay Counties but is most exten-
sive in six townships near the beet sugar plant at East Grand Forks, 
in Polk County. The acreage did not exceed 4.1 per cent of the farm 
area in any township in 1927, however (see Fig. r6). Rye is an im-
portant crop on the light sandy soils (see Fig. r5). Wild hay, is 
important on the sandy soils and on the extensive poorly drained areas 
(see Fig. r8). Tame hay is a major crop, principally in Kittson 
County and along the eastern border of the Valley. It also ranks first 
in acreage in some townships in other parts of the Valley (see Fig. 17). 
Alfalfa is the most important hay crop and is grown on all except 
alkali, peat, or very wet soils. An additional use of land, which is part 
of the cropping system, is summer fallow. Figures are not available 
to show the extent of summer fallow by townships. In general, the 
amount increases from south to north. In 1925 summer fallow was 
practiced on 44 per cent of the farm area in "Wilkin County, 7.2 per 
cent in Polk County, and 13.6 per cent in Kittson County, according 
to the Federal Census. 
The relative importance of different crops on the farms included 
in the detailed study in Polk County is shown in Table 5· Wheat 
was the principal crop on these farms, occupying r6.8 per cent of 
the total farm acreage. Oats ranked second in importance, on an 
acreage basis, and pasture as the third most important. Barley, flax, 
and tame hay, including alfalfa, follow in the order named, each oc-
cupying about ro per cent of the average farm. Corn, potatoes, wild 
hay, and summer fallow each used about 5 per cent of the farm area. 
Sugar beets occupied less than 2 per cent of the average farm, but were 
grown in acreages ranging from 17 to 84 acres on the farms growing 
beets. 
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Table 5 
Distribution of Crop Acreage on Farms Included in 
Study in Polk County* 
No. farms 
growing 
the crop 
Acreage on farms growing the crop Per cent 
of total 
Crop Acreaget 
Wheat . . . . . . . . . . 3,722 
Oats . . . . . . . . . . . 3,270 
Barley . . . . . . . . . . 2,3 77 
Flax . . . . . . . . . . . . 2,285 
Alfalfa . . . . . . . . . 1,234 
Corn . . . . . . . . . . . 1,212 
Wild hay . . . . . . . 1,186 
Tame hay . . . . . . . 932 
Potatoes . . . . . . . . 817 
St.Wl1mer fallow . . 942 
Sugar beets . . . . . 381 
Miscellaneous crops 2·76 
Pasture . . . . . . . . . 2,999 
s6 
57 
54 
33 
so 
54 
38 
43 
s6 
30 
14 
28 
57 
Aver- Maxi- Mini-
age mum mum 
66 196 6 
57 219 12 
44 
69 
2$ 
22 
31 
22 
I 5 
31 
27 
10 
52 
95 
147 
IIO 
84 
49 
158 
2 
17 
crop acre-
age 
Ij.2 
IS. I 
11.0 
10.5 
5·7 
s.6 
5-5 
4-3 
3-8 
4·4 
1.8 
1.3 
13.8 
* Records were obtained from 12 farms for the three years 1926-28, from 2 for two years, 
and from 18 for one year-a total of s8 farm-record years. 
t Acreage for s8 farm-record years, 1926-28, inclusive. 
No definite rotation was practiced. The sequence of crops was ir-
regular, as shown in Table 6, which gives the percentage of the acreage 
of specified crops occupied by each of the different preceding crops. 
Wheat followed all the different crops commonly grown in about the 
same proportion that each crop occupied farm land. It followed itself, 
therefore, or another small grain on 49 per cent of the acreage grown. 
Oats followed itself or another small grain on 72 per cent of the acreage 
grown. Fifty-five per cent of the barley grown followed a previous 
crop of either barley, wheat, oats, or flax. Barley was the principal 
crop seeded after corn. Flax most frequently followed pasture, hay, 
or idle land. Potatoes, for the most part, followed a small grain or a 
previous crop of potatoes. Sugar beets require clean land and thus fol-
lowed either summer fallow, potatoes, pasture, or a previous crop of 
beets on 8o per cent of the acreage grown. Cvrn followed spring grains, 
especially flax. 
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Table 6 
Percentage of Total Acreage of Specified Crops 'Occupied by Different 
Preceding Crops on Farms Included In Study In 
Polk County, 1926-28 
Crop 
Preceding crop Sugar 
Wheat Oats Barley Flax Potatoes beets Corn Alfalfa 
per fJCr per per per per per per 
cent cent cent cent cent cent cent cent 
Wheat ................ I8 29 I 5 4 32 30 2].2 
Oats 
. ················· 
I2 20 20 25 IO 2I 34-7 
Barley 
... ······· ...... II II I2 4 3 4 31.5 
Summ·:r fallow ........ If 3 27 
Flax ................. 3 I2 8 I4 3·3 
Potatoes ............ 8 I I 5 26 
Pasture ............... s 28 14 4 
Sugar beets ........... 6 13 
Corn . . . . . . . . . . . . . . . 9 20 4 
Alfalfa 
....... ········ 
Tame hay ............. 13 4 
1vlisce11ancous crops .... 
Idle land .. ······ ...... 23 
Unknown ............. I 5 8 3·.1 
Total ... . . . . ........ 100 100 IOJ 100 IO"J 100 roo roo 
CROPPING PROBLEMS IN THE RED RIVER VALLEY 
The previous section was devoted to an analysis of the conditions, 
both physical and economic, which have been operating to necessitate 
changes in the cropping systems. \Vhile the cropping systems have 
undergone a remarkable transition in the last 30 years, especially since 
the World War, in response to slowly operating physical and economic 
forces, these forces, or conditions, continue to affect adversely the farm-
ing in the area.. The elements of this adverse situation constitute major 
farming problems in the Vailey. An appreciation of the importance of 
these problems and a knowledge of the best methods of overcoming or 
controlling them is essential to more profitable farming. This section 
presents a more detailed discussion of these problems in their relation to 
crop production. 
Weed Control 
Chief among these problems of outstanding importance in the Valley 
is the management of the soils so as to eradicate weeds and to keep the 
land clean. No figures are available as to the extent of the total annual 
damage caused by weeds, but it varies from none or very slight damage 
on some farms to an infestation so heavy as to cause the crops to be 
abandoned on others, depending upon the effectiveness of the control 
measures used. In late years, sow thistle, Canadian thistle, and quack 
grass have been the most ·widespread and the most destructive weeds in 
the Valley. They thrive in grain fields, especially on damp soils. The 
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anadian thistle does not spread so rapidly as the sow thistle, but it is 
more difficult to eradicate once it has infested a field . Quack grass is 
found extensively over the entire Valley. It is perhaps not o serious 
a weed pe t as sow thistle, because it does not spread so rapidly, but it 
is more difficult to clean the land of quack grass than of sow thistle 
once quack grass has become well established. 
The ordinary wild oats are prevalent in grain fields and spread rapidly 
under conditions of continuous grain cropping. Kinghead, likewise,, 
thrives in grain fi elds. The presence of the seed of this weed in the 
grain lowers the market grade and in this way does more actual damage 
than its smother ing effects in the growing grain . Other weeds of lesser 
economic importance are the common wild mu tard , wild garli c, wi ld 
pea or vetch, French weed, wild millet, and wild rose. In some cases 
the e weeds may become a great nuisance; in most instances, however, 
their injury is slight . 
Fig. 20. Fall·plowing a Stubble Field Immediately After the Crop I s Removed 
An es entiat feature of a successful weed-control p1ogram is th e plowing of the grain 
fields immediately after the crop is removed from the land. 
O n bad ly infested land the first step in eradication or control of 
weeds i ordinarily a season of summer fa llow, using specially adapted 
too ls for cultivation.4 If the season is not too wet, summer fallow, if 
properly done, is effective. Continued control i accompli sh d by seed-
ing legumes in the gra in in the spring; plowing the meadow th follow-
ing year after the first crop, or in July if pastured; keeping the new 
weed hoots from forming by cultivation until the ground freezes 111 
the fall ; and the fo ll owing year plan ting to a cultivated crop. It is 
• For complete instructions on the control and eradi cation of weeds ee Minn. Extension 
Circulars 25, 26, 28, and 32: "Quack Grass Control," "P erennial Sow Th istle," "Eradicating 
Canada Thistle," and "Eradicating Perennial W eeds with Chlorates;" a lso Special Bul l. 140, 
"Eradicating Perennial Weeds in Minnesota ." 
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necessary to rotate a legume and a cultivated crop regularly with the 
grain crops and to plow the grain fields immediately after the crop is 
removed from the land. A good stand of alfalfa left on the land for 
several years usually will eradicate sow thistles. Seeds carried by the 
wind are always a menace to clean fields, however, and make it neces-
sary to practice control measures continuously. 
Disease Control 
Paired with the weed problem is the heavy annual toll taken by 
diseases attacking the various crops, especially wheat. The annual 
damage of black stem rust to wheat is as high as 30 per cent in seasons 
favorable to rust development. An estimation of the extent of the 
losses caused annually to the grain crops in the state as a whole by 
black stem rust is shown in Table 7· In some years the Valley is not 
so heavily infested as other parts of the state, but in other years the 
damage is greatest there. The Bureau of Plant Industry, .of the United 
States Department of Agriculture, has been co-operating with the prin-
cipal wheat-producing states in the eradication of the common barberry, 
the winter host of black stem rust, but as yet the lessened amount of 
damage is uncertain. Early seeding to bring about ripening ahead of 
weather conditions favorable to rust development and the use of rust-
resistant varieties are the most effective methods of combating the dis-
ease." 
Table 7 
Estimated Percentage Reduction in Total Production of Small-Grain Crops 
in Minnesota Caused by Black Stem Rust, by Years, 1915-29* 
Crop 
Year 
1924 ••.......... 
1925 
I926 
I927 
1928 
I929 ........... . 
Wheat 
per cent 
1.4 
61.0 
o.s 
0.1 
20.0 
30.0 
7·0 
s.o 
I 5.0 
1.0 
II.O 
s.o 
JO.O 
!.8 
I 5.0 
Oats 
per cent 
o.s 
t 
2.0 
1.0 
s.o 
2.0 
1.0 
o.s 
0. I 
10.0 
1 s.o 
O.I 
3·0 
*Data from Burea11 Plant Industry, U. S. Dept. of Agr. 
t No report. 
Barley 
per cent 
t 
t 
t 
s.o 
s.o 
3·0 
1.0 
LS 
0.1 
o.s 
0. I 
0.1 
O.I 
4·0 
Rye 
per cent 
t 
t 
0.1 
0. I 
o.s 
0.1 
0.1 
O.I 
r. Methods of control of cereal diseases in the Red River Valley are described in detail by 
R S. Dunham, T. l\f. McCall, and E. R. Clark in Crops and Soils Handbook for Red River 
Valley, 1929, Northwest Experiment Station, Crookston. 
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Wheat root rot causes heavy damage on the older wheat lands that 
have not been farmed with a rotation of crops. This disease can be 
controlled by crop rotation. Crown rust (leaf rust) on oats is not nearly 
so serious as black rust, altho a considerable amount appears each year. 
The smuts of wheat, oats, and barley do serious damage, perhaps to the 
extent of ro to 30 per cent annually. Barley stripe is destructive to 
the barley crop. Control of the smuts and barley stripe is accomplished 
by proper seed treatment before planting. 0 The only practical control 
known for crown rust of oats is sowing resistant varieties. Unfor-
tunately, resistant varieties have not been available in commercial quan-
tities until the present time. Damage to flax by wilt can be almost com-
pletely avoided by seeding wilt-resistant varieties. 7 
The damage to potatoes by such common diseases as scab, blackleg, 
mosaic, blight, and fusarium wilt has prevented and is preventing a 
more rapid expansion of the potato acreage. These diseases can be held 
in check, however, by careful selection and treatment of seed, by proper 
cultural practices, and by timely spraying.8 
Soil Improvement 
Records of the annual yields of crops in the Valley previous to 1919 
are not available, hence it is impossible to determine the actual trend 
of yields. However, it is the general opinion of farmers that the con-
tinuous growing of spring grains has gradually lowered the yields and 
that the reduced yields are partly due, in addition to the effects of weeds 
and diseases, to the gradual depletion of the physical condition and to 
some extent the fertility of the soil. Results obtained at the Northwest 
Experiment Station, at Crookston, from different methods of cropping 
substantiate the belief that continuous cropping reduces yields. As an 
average for the q-year period 1910-27, wheat grown continuously at 
the Station yielded only 14.7 bushels as compared to 24.9 bushels in a 
3-year rotation, 24·9 bushels in a s-year rotatio.1, and 22.8 bushels in a 
7-year rotation.9 This means that roo acres of land seeded to wheat 
continuously would eventually produce in total 24 bushels less each 
. year than 6o acres of wheat grown in a 3-year rotation. 
The clay soils of the Valley originally contained a liberal supply of 
partially decayed organic matter which made them friable, but heavy 
cropping with the spring grains and in many instances careless prepara-
tion of the land f~r seeding, have lowered the humus content on many 
a For complete instruction on control of smut see Minn. Extension Circ. 2-J., "Prevent 
Smuts of Small Grains"; on barley stripe, 1\finn. Extension Circ. 41, "Co·ntrol of Barley 
Stripe." 
7 Minn. Special Bull 128, "Flax Facts." 
s Minn. Ext. Circ. 22, "Treating Seed Potatoes with Hot Formaldehyde." 
o Report of Northwest Expt. Sta., Crookston, 1927, p. 23. 
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farms. These soils have become compact and need loosening by 
good cultural practices and the addition of humus-forming materials. 
Getting the soils back into good physical condition is the most important 
soil problem in the Valley. 
Rotation experiments at the Northwest station and the experience 
of farmers have demonstrated that the turning under of a legume, espe-
cially sweet clover, once in each rotation period is very beneficial to the 
yields of future crops through its loosening effect on the soil. The 
liberal use of manure, also, is effective, but the benefits are not equal 
to those from sweet clover. Additional benefits are obtained by follow-
ing the legume crop and the application of manure with a cultivated crop 
such as potatoes, sugar beets, or corn, to give the soil an extended period 
of aeration and thoroly to incorporate the humus material in the soil. 
A deficiency in available plant food elements is a problem in some 
instances on the sanely soils and with certain crops on the heavy soils. 
Phosphate applied in the form of superphosphate generally has proved 
profitable with alfalfa, clover, and sugar beets on clay soils. In sea-
sons of normal rainfall, phosphate fertilzers have increased the yields 
of potatoes from r2 to 50 bushels and sugar beets from one to 2 tons 
per acre at the Northwest Experiment Station. They have returned 
a good profit every year when applied to sugar beets. With potatoes, 
however, the added yields have not covered the added cost except in 
years of better than average prices.10 
Complete fertilizers carrying small amounts of nitrogen and potash 
in addition to phosphate have given additional increases in yields of 
·potatoes on some farms in the sandy areas. A small amount of potash 
together with phosphate in an 0-16-4 combination has benefited beets 
in some places in the Valley. In general, however, if second-crop sweet 
clover is plowed under in preparation of the land for sugar beets and 
potatoes, or manure is applied, phosphate alone is all that is needed. 
Drainage 
The drainage problem has never been satisfactorily solved in the 
Valley. In some respects the problem of drainage is increasing in im-
portance rather than diminishing, notwithstanding the fact that more 
surface drains are being opened each year. It has never been possible, 
however, to drain away all the surface water on account of the flatness 
of the land and the presence of depressions that are lower than ditch 
levels. As the heavy soils have become more compact with the gradual 
depletim1 of the humus they contained as virgin prairie soils, they have 
become more difficult to drain. 
10 Reported in Crops and Soils Handbook for The Red River Valley, 1920, Northwest Expt. 
Sta., Crookston. 
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It is doubtful if tile drainage will prove profitable for some time 
because of the difficulty and the expense of reaching an outlet and the 
relatively high cost of draining a field, owing to the closeness with which 
the tile lines must be laid. In the heavy clay soils, tiles must be laid 
near the surface in order to draw satisfactorily and the range of a tile 
line depends upon the depth at which it is laid. Better drainage for the 
most part, therefore, must be accomplished through more surface drains, 
the use of deep-rooted crops, and the restoration of the humus content of 
the soil, making it better adapted to cultivation under conditions of 
high moisture content. 
Adjustment to Progress in Farming Practice 
The problem of selecting the most effective materials and equip-
ment for use in the production of crops-a problem common to most 
agricultural regions that are still experimenting with a type of farming-
is important in the Valley. 
In this connection the use of the best seed available can not be over-
emphasized. The Northwest Experiment Station, working in co-opera-
tion with the Central station, at St. Paul, has accomplished much in 
the last few years in developing higher yielding disease-resistant varie-
ties of the ,grain crops. In Table 8 is shown the average yield of the 
recommended varieties of different grains in comparison with the aver-
age yields of varieties previously considered to be best. Farmers 
should not hesitate to use new varieties announced by the North-
west Experiment Station as soon as the seed is available in the market. 
All new varieties are not only thoroly tested at the Station but are 
further tested in field trials on selected farms in the Valley for three 
years before they are recommended for general use. 
Table 8 
Average Yield on Northwest Experiment Station Farm of Recommended 
Varieties of Specified Grains Compared with Varieties 
Crop 
Wheat 
Previously Approved* 
Period of Av. yield •)/ t 
Variety record per acre, bu. -~' c.J 
I 
I 
: j 
i 
Marquillot . . . . . . . . . . . . . . .. I925~28_ -··· 33·5 J111C"~!::- 2.5 
Cerest . . . . . . . . . . . . . . . . . . 1925-zB _____ :;:c28:.:.:·4 ;;_ 1 1 
Marquts ............•.... -~z5-2-8 _______ .2-S_~Q _____ -..E -~-- ~~] C~ . 
Oats Anthonyt ................ ---;9;5.;3· 6o.7 
Gopher . . . . . . . . . . . . . . . . . . 1925·28 45·4 
Barley Trebit . . . . . . . . . . . . . . . . . . . 1923·27 37.8 
Minnesota r84 . . . . . . . . . . . 1923·27 33·9 
Flax Budat .. . . . . . . . . .. .. . . . . . 1928-30 12-.7 
Chippewa . . . . . . . . . . . . 1928-30 12.0 
*Minn. Agr. Expt. Sta. Bt1ll. 264, "Small Grain Varieties in Minnesota/' by H. K.\ 
Wilson and A. C. Arny; "Flax Summary Report, 1930," by A. C. Arny, W. E. Haines, and 
G. H. Robinson. 
t Recommended varieties. 
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Mecnanization in the Red River Valley is proceeding at a fairly 
rapid rate. The general-purpose tractor, which is being generally 
adopted, is bringing with it a larger use of the combine for harvesting 
small grains and flax and is occasioning a considerable modification of 
machinery for handling potatoes and sugar beets, looking toward a 
greater use of mechanical power and a reduction of man labor used for 
these crops. This is increasing the capacity of the individual farm 
worker for the production of the relatively higher income-per-acre 
crops and at the same time reducing the per-acre charges for materials 
and the use of equipment. 
The data presented in Table 9 show the saving in man labor, horse 
work, and cash charges for equipment and materials that were obtained 
on one of the farms studied through the substitution of a combine for 
the binder-thresher method for harvesting and threshing small grains 
and flax. In addition to the per-acre saving of 1.4 hours of man labor, 
1.75 hours of horse labor, and 12 cents in other charges in favor of the 
combine, the combine method has the advantage of putting the field in 
readiness for beginning fall plowing immediately after harvest. l\Iore-
over, if harvesting operations are interrupted by wet weather the labor 
and power forces can be kept busy at fall plowing. This advantage 
is especially important in relation to weed control. In evaluating this 
comparison, it should be remembered, however, that the straw was left 
in the field when the combine was used. Furthermore, the acreage of 
small grain on this farm was sufficient to use a combine economically. 
On r6o- to 320-acre diversified farms the acreage of crops to be har-
vested with the combine is too small to afford much advantage. 
Table 9 
Comparison of Cost per Acre of Harvesting and Threshing by 
Different Methods on the Same Farm* 
Machine used 
Item 10-foot tractor-
binder and sta-
tionary thresher 
Acres covered . . . . . . . . . . . . . . . . . . . . . . 303 
Man labor (at 40 cents per hour) . . . . $r.30 
Horse work (at r2 cents per hour) . . . . 0.39 
Tractor work, hr. . . . . . . . . . . . . . . . . . o.35 
Twine cost ........ . 0.27 
1\.rlachine charge .. . 0.21 
Threshing charge ... . 1.00 
Total cost ... 
1 a-foot com-
bine and 12-
foot windrower 
326 
$0.74 
o. rS 
o.ss 
I. IJ 
*Adapted from data presented in Table 8, Minn. Agr. Expt. Sta. Bull. 266, "Cost of 
Combine Harvesting in 1vlinncsota." 1929. 
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Adjustment to Changing Price Relations 
The substantially lower cost of wheat production made possible in 
extensive areas by recent improvements in the tractor, the combine, 
and tillage machinery have resulted in a substantial increase in the 
acreage of spring wheat in the regions west and northwest of the Val-
ley in both the United States and Canada. These lower costs (coupled 
with increased production in other wheat-producing countries resulting 
from a combination of influences), have tended to increase the total 
output, to lower the price at which wheat can be continuously supplied, 
and to intensify inter-regional competition, thus making changes neces-
sary in the agriculture of the areas in which the more efficient methods 
are less applicable. Further important developments in this direction 
are to be expected. 
Greatly reduced costs in wheat production have not been experienced 
in the Red River Valley of Minnesota through the use of machines in 
large units in large-scale operations. A considerable further develop-
ment in the use of power machinery and the combine may be expected 
in the Valley wherever large tracts of land particularly well adapted to 
wheat are under the control of one operator. Under these conditions, 
a fairly high degree of specialization in wheat growing in conjunction 
with other small grains is economically desirable. On the other hand, 
in other pa,rts of the Valley less favorably adapted to large-scale opera-
tions in wheat growing, readjustments in the cropping system limiting 
the acreage of wheat to the portion of the farm that can be maintained 
on a high-yielding basis through crop rotation, offers a better solution 
to the problem of intensified regional competition and lowering prices 
for wheat. 
QUANTITIES OF LABOR AND MATERIALS USED 
FOR CROP PRODUCTION 
A consideration of the readjustments in the cropping system that 
promise to contribute higher earnings from the entire farm involves the 
use of information on: (I) the amounts of labor, power, equipment, 
and materials used in the production of units of the different crops 
under careful management with conditions ordinarily prevailing; ( 2) 
the variations between farms in amounts of these factors used, together 
with the causes for significant variations; and (3) the seasonal distri-
bution of the demands of each crop for labor and power and the prob-
able number of work days available for each of the crop operations. 
With these data available, the farmer is in position to forecast the 
demands upon his resources of changes in his cropping system and the 
effect on his earnings. 
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An essential part of the 3-year detailed study of representative farms 
in Polk County was the collection of information on the basic amounts 
of labor, power, equipment, and materials used in the production and 
harvesting of units of the different crops and the time distribution of 
the use of these elements. The amount of man labor and horse work 
used on the farms studied for the different operations commonly per-
formed in the production of crops in the Valley are presented in 
Tables 10 to 46 for each farm for 1927. The year 1927 was selected 
for presenting data on individual farms because weather conditions were 
more nearly normal than in either of the other two years (see Table I 
and Fig. 2). Averages of all farms are shown for each of the three 
years included in the study. 
A careful study of the quantities of man labor and horse work used 
on different farms in the production of any crop reveals that there 
are variations between farms in the use of these factors. An attempt is 
made to explain some of the significant variations found, so that a con-
sideration of the causal factors will help the farmer to determine what 
quantities he should use with the conditions on his farm. 
Following the analysis of the variations in amounts of labor and 
materials used in the performance of the different operations, quantities 
are given that represent what may reasonably be expected to be used 
under careful management with conditions ordinarily prevailing. They 
represent, approximately, the accomplishments of farmers who were 25 
per cent above the average in the scale of efficiency, as measured by 
low labor expenditure for a given operation, and are suggested as stand-
ards with which farmers in the area may compare their own accomplish-
ments and check the effectiveness with which they are utilizing their own 
labor and power resources. These standards serve, also, as basic quan-
tities, when properly adjusted to conditions at the particular farm, for 
use in planning readjustments in the cropping systems. 
In computing these standards, an allowance has been made for time 
used going to and from fields, and all ordinary interference necessarily 
incident to field work, such as adjusting and repairing machinery in the 
field, rest periods, and minor weather disturbances. 
Wheat 
Usual Practices in Wheat Production 
The Valley is a spring wheat area and the acreage of winter wheat 
is relatively insignificant. The wheat grown on the farms studied was 
all spring wheat. As it is the first crop seeded in the spring, as much 
of the land is fall plowed as time and the weather will permit. ·where 
wheat follows summer fallow, sugar beets, or potatoes the land usu-
ally is not plowed unless very weedy. On the farms studied, approxi-
MINNESOTA BULLETIN 282 
mately 20 per cent of the land that had been in these three crops the 
previous year, was plowed for wheat. Only 4 per cent of all land 
plowed for wheat was plowed in the spring. In addition to plowing, the 
land may be disked, spring-tooth harrowed, or dragged with an ordinary 
spike-tooth harrow before seeding. Only 17 per cent of the land for 
wheat was disked and less than one-fourth of this was covered more 
than once. Approximately 41 per cent of the land was worked with 
a spring-tooth harrow. Generally speaking, the land that was disked 
was not worked with a spring-tooth harrow. About one-third of the 
land was harrowed once before seeding with an oodinary spike-tooth 
harrow and an additional two-fifths was harrowed twice. Wheat, as 
well as all other small grains, was drilled. Approximately 70 per cent 
of the wheat was harrowed after seeding. In addition, a few farmers 
rolled or cultipacked their wheat land. More of this was done the last 
year than in the preceding two years. The general practice has been to 
cut and shock the grain and thresh from the shock. With the advent 
of the combined harvester-thresher, it is to be expected that more of 
the grain will be threshed standing or from the windrow. A small 
amount of combine harvesting was done on three of the farms studied 
in 1928. 
Variations in Labor Expenditures on Wheat 
The hours of man labor, horse work, and tractor work used per acre 
in performing each operation on each of the farms studied and the 
average for each of the three years are presented in Tables 8 and 9· 
These data show a variation in the total amount of man labor used per 
acre froin 4·7 to I 1.5 man hours. Likewise there is a similarly wide 
variation in the amount of horse and tractor work used. There are 
several causes for these variations. 
Table IO 
Man Labor Used per Acre by Operations on Wheat, 192 7 
Fall Spring-tooth 
Farm Acres Yield, plowing Disking harrowing Harrowing Seed- Cut- Shock- Thresh- Total No. per bu. -------- ing, ting, ing, 1ng, ffi3.11 farm Times Times Times Times hours hours hours hours hours Hours over Hours over Hours over Hours over 
026 70 ro.g 0.44 0-53 o.6z 1.00 o.ss 0.78 0.7 I r.6J 4-73 I6I I3J 9.6 1.91 1.00 0.21 0.40 0.41 2.04 o.6r o.6s O.JO !.46 s.9s 0$1 39 12.7 2.00 r.oo 0.48 o.sg o.6o !.41 o.6o 0.73 o.6I r.o6 6.o8 2J2 69 '7·5 0.51 !.00 0.36 1.00 o.I8 0,45 o.6o 0,43 1.47 2.84 6.39 
025 36 II.J !.35 0.57 0.76 I.OO 0.45 !.43 o.6s 0.62 0.76 r.Ss 6.44 031* 6 20.2 o.8I 2.00 o.6o 1.09 !.73 3·23 7·46 023 96 r6.I !.23 0.40 o.r r o. IS 0.79 o.gr o.s8 2.17 o.sJ I.o6 !.07 2.17 7·54 20I 47 II.J 2.86 1.00 0.38 !.00 o.S7 J.OO 0.42 0./J o.95 !.46 7·67 
022 26 9·8 2.J3 0.79 0.53 r.ss r.c6 1.2 I 0.12 0,79 0·49 0.68 o.gr r.So 7·92 23I I IS 12·.4 1.20 0.79 o.o8 0.25 0.63 1.09 0.34 !.35 o.56 0.93 !.74 2.45 7·93 221 29 11.2 I.76t I.OO o.56 0.76 o.s6 z.sz 0.46 r.o6 1.04 2·.62 S.o6 07J 58 20.2 !.39 0.70 0.43 o.6r 0,39 0.70 o.rg 1.00 o.59 0,49 I.I8 3.57 8.23 
2·33 40 '4·5 0.97 1.00 0.40 r.oo 0.21 0.04 0.57 r.ss r.o6 3.so 8.26 02I I2 6.7 !.34 1.00 r.66 I.OO o.69 I.OO O.J2 1.00 o.sz 0.67 r.o6 3.0,;j: 9.28 o82 69 r6.I 2.21 0.77 O.JI 0.33 I.J I 3.00 0.68 0.78 2.J2 2.69 IO.JO 032* r6 21.8 !.99 0.32 1.52 2.00 1.09 I. IJ r.6r 4.!6 r r.so 
Average 
1927 Go 12.9 r.so 0.79 0.40 0.52 0.38 0.64 0.44 1.49 o.56 o.8o I. II 2 . .24 7·43 1926 83 12.0 r.66 o.6g 0.04 0,1 I 0. I7 O.J3 o.ss r.Sg 0.58 o.8o o.g8 2. I 5 6.g6 1928 67 '9·5 !.35 0,77 0.14 0.27 o.zs 0.48 0.43 !.73 o.s6 0.73 1.12 2. I 3 6.7! 
·>Omitted from the average because not representative. 
t Includes 7 acres spring plowing, 
t Includes stacking and threshing from the stack. This farm was omitted from the average for threshing. 
Table II 
Horse and Tractor Work Used per Acre by Operations on Wheat, 1927 
Spring-tooth 
Fall plowing Disking harrowing Harrowing 
Thresh-
Seeding Cutting ~ Total 
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026 70 10.9 1.76 0-53 2-89 1.00 2.1 I 3-14 3-3' IJ.21 
161 133 9-6 9-01 1.00 o.8~ 0.40 I.63 2.04 2.08 2-59 2.83 18.98 
051 39 12.7 2.8o 1.06 1.00 0.48 0-59 2-39 1.41 1.41 2.91 1.87 11.38 1-54 
232 69 17-5 0.51 1.00 0-47 0.24 1.00 o.58 0-45 2.30 0-43 4-69 8.04 1.18 
02·5 36 11.3 6.45 0-57 J.02 r.oo l-79 1.43 2-55 2-47 3.08 19-36 
OJI* 6 20.2 3-23 2.00 2.42 4-35 6.45 !6.45 
023 96 16.1 6.31 0.40 0-45 o.rs J.IO 0.91 2.31 2.17 2-14 4-16 4-30 22.77 
201 47 11.7 14.67 I.OO 1.99 1.00 4-63 3.00 1-70 2-93 2.92 28.84 
022 26 9-8 2-33 0-79 0.53 1.58 4-40 1.21 0.12 0-79 1-97 2.73 3-15 12.25 2.98 
231 II5 12.4 3-67 0-37 0.79 0-34 0-25 2.38 0.04 1.09 1.35 1-35 .2.2J 3-73 3.85 17-56 0.41 
221 29 11.2 8.8o 1.00 2.26 0-76 2.26 2.$2 x.Ss 4-2~ 5-23 24.64 
073 58 20.2 6.96 0.70 1.91 0.6! 2-35 0.70 0-77 1.00 2.36 1.95 5.89 22·.19 
233 40 14-5 0-97 1.00 0-55 0.26 1.00 o.85 o.64 2.JO 0-54 5·59 9-29 '-77 
021 12 6.7 1.34 1.00 6.47 1.00 2.67 1.00 1.29 1.00 2.0] 2.67 4-Jit 19-48 1.34 
o82 69 16.1 7-77 o.n 1.23 0-33 3-50 3.00 2.5 I 3-09 s.o:> 2J.IO 
032* 16 21.8 s-63 0.32 6.o5 .2.00 2.17 4-53 8.31 z6.69 
Average 
1927 6o 12.9 4-75 0-47 0-79 I.JI 0.07 0-52 1.49 0.04 o.64 1.67 0.01 1.49 2.1 I 2.62 0.')7 3-98 17-93 o.66 
1926 83 12.0 7-51 0.03 o.69 O.II Q.l I o.ss 0.02 0.33 x.66 0.01 1.89 2-25 2.38 0.08 3.88 18.34 0.14 
1928 67 19-5 3-97 0-53 0-77 0-54 0.01 0.27 o.62 0.10 0-48 I. 57 0.01 1.73 1.96 o.os 2.27 0.12 3-54 14-47 o.83 
*Omitted from the average because not r :presentative. 
t Hours include stacking and thresh in(!" from the stack. This farm was omitted from the average for threshing. 
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Variations in cropping practices.-One very significant cause of 
variation in the total labor expenditure is that in the number of opera-
tions performed in the process of seedbed preparation, owing largely 
to differences in the condition of the soil and in weed infestation. 
Obviously, where it is possible to substitute disking or spring-tooth 
harrowing for plowing or to eliminate one or more operations, the time 
i~ considerably reduced. Perhaps there is a tendency on the part of 
some farmers to work the land more than is essential and on the part 
of others to work it less than is desirable. Besides the differences in 
cultural practices, several factors influence the efficiency in the partic-
ular operation. 
Size, shape, and location of fields.-A great proportion of time is 
spent in turning and in working the ends or corners on small or irregu-
larly shaped fields. This is illustrated by the labor spent cutting wheat. 
All the five farms with the highest labor expenditure for cutting had 
relatively small fields. The amount of man labor used for cutting on 
Farm 233 was further increased by the tractor and two binders used. 
One man was used to operate the tractor in addition to the two men 
operating the binders. On Farm 032, the fields were both small and 
irregular in shape. Obviously, the farther the field is from the buildings 
the more time is spent in going to and from the fields. It is sometimes 
possible to reduce the disadvantage arising from having small fields 
by working adjoining fields as one. Fences or ditches eliminate this 
possibility. 
Size of power units.-Another factor influencing the efficiency 
of man labor used in crop operations was the size of the power unit. 
On both Farms 082 and 032, the power unit for plowing was largely a 
three-horse one-bottom plow outfit. Generally speaking, with a larger 
outfit proportionately less of the operator's time is occupied in turning 
at the ends and in going to and from the field. The saving is primarily 
in man labor, not in horse work. 
Yield.-The yield will affect to some extent the time necessary 
to shock and thresh the crop. The farms in 1927 having a yield of 
less than 13 bushels per acre averaged approximately a third less labor 
per acre than those having a yield of more than 13 bushels. The amount 
of labor used per bushel, however, works in the opposite direction. 
With higher yields, less time is required per bushel. The yield has little 
effect on the time required for the other operations except insofar as 
a higher yield is the result of a little better job of seedbed preparation. 
Quality of labor.-The quality of the labor may affect the time 
expended. If a large amount of the labor is done by members of 
the family, more time may be consumed than if it is done by hired 
help. Lack of experience, insufficient physical strength, hesitation on 
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the part of parents to require relatively as much from their children as 
from hired help, and the occasional lack of adjustment between the 
available labor supply and the amount of work to be clone, a result of 
the gradual growing up of the children, are some of the main reasons 
for differences in efficiency. 
Management.-Variations in labor expenditures may also arise 
as a result of differences in management. Planning the work so as to 
have the right tools, power units, and man labor ready at the right time 
and place to perform the desired operations at the most opportune time 
tends to increase the efficiency of labor. 
Materials Used in Wheat Production 
Approximately 6o per cent of the wheat acreage on the farms studied 
was devoted to raising bread wheat and 40 per cent to raising durum, or 
macaroni, wheat. Three-fourths of the acreage of bread wheat was 
seeded to :Marquis and practically the entire acreage of clurum was 
seeded to 1\finclum. The amount seeded was uniform, varying little 
from r,Y:l bushels per acre. When the wheat was cut with a binder, the 
amount of twine used averaged between 2)01 and 2,Y:l pounds per acre. 
Variations in the amount used were chiefly the result of differences in 
the yield of straw. Twine is not used when harvesting is clone with a 
combine. Custom threshing was hired by the bushel or by the hour. 
The hour basis was used more frequently in years of low yields. On 
the farms studied, the most common rate for threshing wheat was 6 
cents per bushel. The hour rate varied from $4.50 to $8.oo per hour, 
depending upon the size of the machine and the number of spike pitchers 
or other helpers furnished with it. 
Standards for Wheat Production 
Successful planning of a cropping program involves an estimate of 
the amount of time necessary to perform the desired operations on a 
given acreage. Standards of performance that may be attained under 
reasonably good management, with both horse- and tractor-drawn im-
plements, are presented in Tables r2 to rs. 
Table 12 
Standards per Acre for Seedbed Preparation and Seeding Wheat 
with Horse-Drawn Implements 
Man Horse 
Overation Implement hours hours 
Plowing 5 horses and 28 in. gang 2.00 10.00 
Disking 4 8-ft. single disk .... 0-45 I.80 
Spring-tooth 
harrowing 4 " ro-ft. harrow ......... o. so 2.00 
Harrowing 4 " 22-ft. ·········· 0.20 o.So 
Seeding 4 " ro-ft. drill ............ o.so 2,00 
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Table 13 
Standards per Acre for Seedbed Preparation and Wheat Seeding 
with Tractor-Drawn Implements* 
2-Piow 3-Plow 
Operation Implement Nlan Tractor Man Tractor 
hours hours hours hours 
Plowing 14-ill. bottoms ........... 1.40 1.40 1.00 1.00 
Disking 8-ft. tandem disk ....... 0.42 0.42 0.33 0-33 
IO·ft. 0.36 0.36 0.29 0.29 
Spring-tooth 8-ft. harrow . . . . . . . . . . . . 0.48 0.48 
harrowing IO·ft. 
············ 
0.38 0.38 0-34 0-34 
12-ft. 
············ 
0-29 0.29 
Harrowing 20·ft. . . . . . . . . . . . . 0.16 0.!6 0.15 0-15 
26-ft. ............ o. 13 0.13 O.I I 0.11 
Drilling IO·ft. drill . . . . . . . . . . . . . . 0.36 0.36 
14·ft. . . . . . . . . . . . . . . 0.25 0.25 
53 
*Adapted from Table 14, Minn. Agr. Expt. Sta. Bull. 280, "The Farm Tractor in Min-
nesota." A. J. Schwantes and G. A. Pond. 
Table 14 
Standards per Acre for Binder Harvesting and Shock-Threshing of Wheat 
Tractor hours 
Operation Implemrnt Man Horse 
hours hours 2-plow 3-plow 
Harvesting 4 horses- 8-ft. binder 0.70 2.80 
Tractor- 8-ft. 0.42 0.40 
10-ft. 0-33 0.32 
2·8 ft. 0.72 0-24 
Shocking .................................... o.go 
Threshing .................................. 2.10 3-70 
* Recommended man hours same as the corresponding tractor hours. 
Table 15 
Standards per Acre for Harvesting Wheat with Combine Harvester* 
Tractor hours 
Operation Implement Man Horse -------
hours hours 2·plow s-plow 
Windrowing 12-ft. windrower (horse drawn) 0.3] • '-37 
12-ft. windro\ver 
·············· 
0.26 0.26 
16-ft. .............. 0.20 0.20 
Threshingt 8-ft. combine ................ 1.o8 !.20 0.48 
IO·ft. 
················ 
1.23 1.20 0.40 
I 2-ft. . . . . . . . . . . . . . . . . 1.29 1-20 0.3.? 
!6-ft. ................ 1.06 1.20 o.zs 
·• Based on Table V, p. 12, Minn. A gr. Ex pt. Sta. Bull. 266, "Cost of Combine Harvesting 
in Minnesota," G. A. Pond and L. B. Bassett. 
t Man and horse .hours include hauling grain. 
The standards given are for the power units most commonly used. 
The Northwest Experiment Station, at Crookston, recommends seed-
ing 75 to 90 pounds of common wheat and 105 of amber durum 
per acre. This assumes clean seed of high germination. With low 
germination, more is needed per acre in order to obtain as good a 
stand. When the grain is cut and shocked, 2 ~ pounds of twine per 
acre should be sufficient for a good average yield. 
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Distribution of Labor on Wheat 
The beginning and ending dates of the periods during which the 
operations on the wheat crop are commonly performed, together with 
the number of days usually available, are given in T able r6. These 
dates vary from year to year, depending on the weather and the advance-
ment of the season, but the general relationships will remain approx i-
mately the same. In some cases the operations may be started earlier 
or finished later than indicated here, but these dates will serve as a safe 
bas is fo r planning the farm organi zation. In determining the number 
of work days available, allowance was made for undays, holidays, and 
the probable days on which ra in might interfere with crop operations. 
crop. 
Fig. 2 r. A W heat Field in the Red River Valley 
Yields such as indicated in the pictu re enable wheat to maintain its rank as a leading 
Table 16 
U sual Dates and Work Days Available for P erforming 
Different F ield Oper ations on Wheat 
Operation 
Seedbed preparation 
ced ing 
Cutt ing 
T hreshing 
Work days 
Us ual dates avai labl e 
Ma r. 30 to May I . . . . • • • . . • • . . • • . . • . . 20 
Apr. I to May 2 . . . • . . • • . . . . • . . . • . • • . . • 2 I 
July 25 to A ug. 22 . . . . • . • . . . . • . . • • . . . • . • I 6 
Aug. I6 to Sept. 20 . . . . . . . . . . . . . . . . . .. • • 28 
zlQ 0 0 0 0 0 0 0 0 
<(:::> 0 0) co ,.... (() II) 
""" 
('f) ~0 
r 
Fig. 22. Daily Distribution of Man Labor on a 39-Acre 
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Wheat is. the firs~ crop to be s~eded in tbe spring and is usually seeded on fall-plowed or 
summer-fallowed land. 
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The daily di tribution of man labor on a 39-acre field of wheat is 
shown in Figure 23. T he labor on wheat is concentrated in one week, 
about the r8th of Apr il, three days harve ting in the latter part of 
July, and one day threshing in the middle of ugust. Fall plowing 
may be done any time after harvest and before the ground fre zes in 
the fa ll. On this farm the fall plowing was done in the period f rom 
ugust 5 to October 2. This distribution is typica l of the region. 
·with a larger acreage of wheat, the labor might be extended ov r a 
longer time. 
Fig. 23. Harvesting With a Combine 
Combining is rapidly replacing on medium· and large- ized farms the binder-shock-
threshing method of harvesting sma ll grain in the Valley. 
Oats 
Usual Practices in Oats Production 
In preparation of the seedbed for oats, 85 per cent of the land was 
plowed . Fall plowing wa preferred, but it was not always possible 
to plow all the land in the fall. In the three years, the proportion of the 
plowing done in the fa ll varied from 43 p~c- cent in 1926 to 98 per cent 
in 1927. The average proportion for the three years was 74 per cent. 
Approximately 20 per cent of the land was di ked once and 7 per cent 
twice. Tw nty-two per cent of the land was spring-tooth harrowed once 
and another 6 per cent either two or three times. Thirty per cent of the 
land was harrowed once before seeding, 41 per cent was harrowed twice. 
and 2 per ce)1t either three or four times. ixty- even per c nt of the 
land was harrowed once after seeding and 2 per cent was covered twice. 
In add ition, a few farmers did some rolling or pulver izing. with 
wh at, mo t of th oat was cut with an 8-foot binder drawn by 4 hor es 
and was thre hed from the shock. In 1928 two fa rmers used a combine 
harvf.ster. 
Table 17 
Man Labor Used per Acre by Operations on Oats, 1927 
Farm 
No. 
026 
2JI 
022 
072 
201 
ozr 
024 
025 
ZJ2 
OSI 
2 33 
221 
OJZt 
023 
161 
081 
OJd 
o8" 
Average 
1927 
1926 
192S 
Acres 
per 
farm 
82 
57 
30 
106 
51 
13 
34 
40 
so 
32 
Gs 
12 
12 
Gs 
115 
51 
68 
so 
Yield, 
bu. 
16.3 
9-2 
12.5 
26.7 
22·.7 
rG.z 
42.6 
'9·3 
25-3 
26.4 
18.6 
9-3 
35-7 
24.1 
36.s 
33· I 
42-7 
36.2 
23-4 
28.2 
43-2 
Plowing Disking 
Times Times 
Hours over 
I.JZ 
I. 57 
1.63 
1.40 
2.02 
r.z8 
I.OO 
2.1 I 
~.CJO 
1.56 
2.01 
!.89 
2-43 
1.26 
I. I 3 
2.83 
I.7 I 
I.69 
I.35 
o.63 
o.gr 
1.00 
0.]0 
I.OO 
1.00 
1.00 
o.go 
1.00 
1.02 
I.OO 
1.00 
1.00 
o.84 
r.o.o 
o.55 
0.33 
1.00 
0.91 
o.88 
0.76 
Hours 
0.27 
.68 
·35 
.J I 
-31 
.28 
.82 
-77 
.29 
.27 
.Go 
.JO 
.07 
0.18 
over 
0-43 
1.28 
o.6o 
0-47 
o.n 
o.zo 
I.OO 
1.00 
0-37 
o. 17 
1.08 
0.2] 
1.10 
0-45 
0. I2 
Spring-tooth 
harrowing 
Times 
Hours over 
0.92 
o.82 
1.43 
0.33 
o.o8 
1.05 
o. 13 
o.sg 
0-75 
o.69 
0-94 
0.$9 
o. 12 
0.16 
1.00 
1.09 
2,00 
o.sx 
0.33 
1.00 
0.2J 
0.91 
1.00 
2.19 
I. I J 
1.47 
0-43 
0.23 
o.8z 
0.20 
0.36 
~- Omitted from the average for threshing because it includes stacking. 
t Omittecl from the average b:-cause not representative. 
Harrowing 
Hours 
0.26 
o. !6 
o.So 
0-37 
0.10 
0.26 
0.24 
o.sG 
O.JZ 
o.6o 
1.44 
0-57 
0--19 
o.so 
1.03 
I.ZJ 
Times 
over 
1.09 
o.68 
J.OO 
1.00 
I.OO 
1.00 
1.00 
1.00 
1.00 
2.00 
1.69 
I.82 
2.11 
1.42 
1.26 
J.OO 
1.32 
2.0-t 
2.02 
Seed· 
ing, 
hours 
o.6o 
.52 
-49 
-59 
.62 
.so 
.64 
-53 
-75 
.61 
.88 
·94 
.82 
-55 
,61 
-44 
.68 
.68 
.62 
.63 
o.sG 
Cut-
ting, 
hours 
0.75 
o.69 
0.68 
o.64 
0.66 
o.68 
0.86 
0.]1 
0.38 
o.66 
J.IJ 
o.86 
I. I 5 
0.]] 
o.n 
o.81 
1.03 
o.81 
0./4 
o.8r 
0.7J 
Shock-
ing, 
hours 
0.$4 
0.73 
o.61 
0-73 
o.sg 
I. 12 
o.83 
o.Gr 
o.os 
o.69 
0.94 
0.77 
0.99 
o.Ss 
o.84 
1.24 
1.99 
2.06 
o.88 
1.25 
1.02 
Thresh-
ing, 
hours 
r.zo 
1.12·~ 
2.]0 
I. SO 
2.69 
1.80 
I.66 
1.45 
2.88 
I.95 
2.12 
3-07 
3-32 
2.74 
I.85 
2.0J 
2.10 
Total 
m:~.n 
hours 
s.6o 
5.]2 
6.! 5 
6.37 
6.41 
7· 16 
7-40 
7-57 
7. 79 
7.86 
8.91 
10. r8 
ro.6r 
7-09 
7-02· 
6.ss 
Table r8 
Horse and Tractor Work Used per Acre by Operations on Oats, 1927 
026 
231 
022 
201 
021 
024 
025 
232 
05 I 
2 33 
221 
023 
161 
oSr 
03 It 
o82 
Average 
1927 
1926 
'928 
82 
57 
30 
ro6 
5I 
13 
34 
40 
so 
32 
6s 
12 
12 
51 
68 
22.7 
r6.2 
42.6 
'9-3 
25-3 
26.4 
r8.6 
9-3 
35-7 
24. I 
36.5 
33· I 
42-7 
36.z 
23-4 
28.2 
43-2 
Plowing 
7-52 
o.6s 
6.98 
9·9 2 
10.14 
z.go 
ro.os 
9-43 
I 1.84 
0.78 
4-79 
9-87 
o.63 
1.09 0.91 
I .63 I .00 
0.70 
1.00 
1.28- 1.00 
1.00 1.00 
o.go 
1.04 
1.00 
I. 56 
1.00 
1.02 
1.00 
1.00 
0.84 
1.00 
1.01 0-55 
0-33 
1.00 
s.o r o.6o o.g 1 
7-73 0.1] 0.88 
4.51 0.43 O.i6 
Dis king 
1.09 0.-J.J 
o.68 1.28 
1.38 o.6o 
1.24 
I.IO 
3-28 
3-08 
I. I _5 
O.Jl 
0-47 
0-77 
0.20 
1.00 
1.00 
0-37 
0.17 
I.08 
0.27 
1.10 
0.93 o.o6 0.45 
0.26 0.12 
o.s8 o.o4 o.44 
Spring-tooth 
harrowing 
J./2 1.00 
2.75 O.IJ 1.09 
5-74 2.00 
'-99 o.s1 
O.JI 
LOS 
0.13 
I. I 5 O.J I 
3-77 
5-59 
0.04 
1.02 
o.IJ 
0.69 
0-33 
1.00 
0.23 
0.91 
1.00 
2.19 
I. IJ 
!.47 
0-43 
0.2J 
1.78 0.15 0.82 
0-39 0.20 
0.44 o.o6 0.36 
*Not includ.:d in the averag: for threshing because it includes stacking. 
t Omitted from the average because not representative. 
Harrowing 
!.06 
o.62 
~~ 
"" -~ > E-<o 
1.09 
0.68 
4.80 J.OO 
1.47 I ,00 
0.10 1.00 
1.05 1.00 
0.96 
2.24 
1.29 
2.40 
4-32 
2.2·7 
'-94 
'-99 
2.65 
3-36 
1.00 
1.00 
1.00 
2.00 
I.69 
2.1 I 
1.42 
1.26 
J.OO 
1.59 0.01 1.32 
1.64 2.04 
1.69 0.03 2.02 
2-39 
1.98 
!.96 
z.zg 
'·99 
2.02 
2.5 I 
Z.IJ 
z.ss 
2.J I 
3-27 
3-76 
3-29 
2.20 
2.38 
1.76 
2-.72 
2.$2 
2. I 5 
Cutting 
J.OI 
2-7 5 
2.70 
2-H 
2.66 
2.71 
2.8 5 
2.65 
J.08 
3-06 
3-24 
-J..IZ 
3-26 
2.36 0.07 
2·.71 0.0] 
2.38 o.og 
Thresh-
~ 
2-39 
I.82 
1.00 
3--~8 
3-27 
o.7s-x· 
2.% 
I-94 
4-9' 
J.OJ 
z.go 
2.91 
5-76 
3· II 
3-52 
3-50 
Total 
20.12 
I 1.01 1.22 
11.40 2.JI 
19- ,s 
"2-95 
8.22 
5-37 
20-36 
10.89 
r6.4r 
7-46 
2j.62 
'9· 13 
24-97 
25.87 
2-33 
I-97 
O.JI 
1.55 
1.00 
2.63 
rg.8z I.OI 
24-76 
24.81 
17.16 0.89 
I 8.74 0.24 
15.25 o.6s 
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Variations in Labor Expenditures on Oats 
The expenditures of man labor, horse work, and tractor work on each 
of the farm studied in 1927 and averages for 1926, 1927, and 1928 
are given in Tables 17 and r8. The average amount of man labor used 
on oats was practi cally the sa.me as for wheat. It varied from 5 to 
10.6 hours per acre. In general, the factors that were responsible for 
the variations in the expenditure of man labor on oats were the same as 
those discus ed under wheat, namely, differences in ( I ) seedbed prep-
aration, ( 2) size, shape, and location of fields, (3) size of power unit , 
(4) yield, ( 5) quality of labor, and (6) management. 
Fig. 24. A Typical Th reshing Scene in the Valley 
Up to 1927 practicall y all small gra in in the Red River Valley was threshed from the 
shock with the ordinary stati onary grain separator. This is still the prevailing method of 
threshing on mo t far ms, altho the combine harvester is beginning to displace it on the 
]arger farms. 
Materials Used for O ats 
The vanet1es of oats most 0 enerally grown were Gopher, White 
Russian, and Green Russian . The amount of eed used varied from a 
little less than 2 bushels to almost 4 bushels per acre. The average for 
the three year wa 2.6 bushels. .Yearly averages deviated less than one-
tenth of a bu!> hel. T he amount of twine u ed per acre averaged 2. 1 
pounds per acre. It varied from a little more than one pound to over 
3:!4 pound . The usual threshing rate was 4 cent per bushel. When 
hour rates were used, the charge was the same for oat as for wheat, 
$4.50 to $8.oo per hour . 
Sta,ndards for Oats Production 
The labor standards for oats are the same as for wheat with the 
exception of shock-threshing. The standard for shod -threshing oats 
is 1.9 man hour and 3-35 horse hours. The standard for harve ting 
oats with a combine is the same as for wheat. The Northwest Experi-
ment Station recommends seeding 2 bushels of seed per acre when 
drilled and 3 bushels when broadcast. Oats were drilled on all the farms 
studied. For an average yield, 2;!4 pounds of twine should be sufficient. 
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Fig. 25. Daily Distribution of Man Labor on a 48-Acre Field of Oats 
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Seedbed preparation and seeding of barley ordinarily follow tbe spring work on oats and 
precede the spring work on barley. 
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With high yields more would be required and with low yields perhaps. 
less, depending pri:r:narily upon the amount of straw. 
Distribution of Labor on Oats 
The dates between which the crop operations for oats usually are 
performed, together with the estimated number of work days available 
are presented in Table 19. Seedbed preparation for oats should follow 
immediately the work for the wheat crop. 
Table 19 
Usual Dates and Work Days Available for Performing Different 
Field Operations on Oats 
Operation 
Seedbed preparation 
Seeding 
Cutting 
Threshing 
Work days 
Usual dates available 
April s to May 7 . . . . . . . . . . . . . . . . . . . . . . . 20 
April 6 to May 7 . . . . . . . . . . . . . . . . . . . . . . . 18 
July 26 to Aug. 23 . . . . . . . . . . . . . . . . . . . . . . 16 
Aug. 16 to Sept. 20 .. . . . . . .. • . . • . • .. .. .. 28 
These dates may be a guide in planning the operations but will have 
to be shifted to allow for differences in the season. 
A typical daily distribution of man labor on a 48-acre field of oats 
is presented in Figure 25. This field was all plowed, but as the fall 
plowing may be done any time between harvest and the time the ground 
freezes, no fall-plowing labor is shown. The work was concentrated in 
three periods-during seedbed preparation and seeding in the latter part 
of April, during harvest near the middle of August, and threshing near 
the end of the month. 
Barley 
Usual Practices in Bar ley Production 
Preparation of the seedbed and seeding of barley usually follow 
oats seeding. More of the land was spring plowed for barley than for 
either wheat or oats, 29 per cent of the land for barley being spring 
plowed and 53 per cent fall plowed. The land was usually gone over 
with either a disk or a spring-tooth harrow-13 per cent once, 13 per 
cent twice, and 2 per cent three times. Approximately 25 per cent of 
the land was harrowed once with an ordinary spike-tooth harrow and 
43 per cent twice before planting. Seventy-one per cent of the land was 
harrowed once after seeding. In addition, about 18 per cent of the 
land was covered with a roller or cultipacker. 
Table 20 
Man Labor Used per Acre by Operations on Barley, 1927 
2J2 
026 
072 
23I 
20I 
02I 
022 
024 
025 
05I 
221 
2·33 
o8I 
023 
03It 
oR2 
Average 
I927 
I9z6 
I928 
57 
54 
9 
24 
25 
27 
4I 
72 
9I 
II 
20 
7 
25 
so 
45 
47 
23-7 
I 7-3 
28.3 
17.2 
31.8 
z.S. I 
25-3 
25-3 
22.7 
21.3 
rg.o 
38.s 
29.8 
26.4 · 
25-7 
J2.2 
41.0 
26.3 
zo.g 
29-9 
Fall plowing 
0-79 
1.90 
0.99 
1.35 
2-35 
2.00 
o.59 
2.08 
o.6r 
1. r8 
o.87 
0-79 
!.00 
I.OO 
0.30 
·r.oo 
o.;g 
0.72 
o ... p 
1.00 
Spring plowing 
"' k 
" 0 ::r:: 
0-93 
0.52 
0-77 
!.75 
2.00 
1.91 
0.38 
o.gr 
0.2.8 
0-59 
0.49 
1.00 
1.00 
0.70 
0.21 
1.00 
o.zs 
0.53 
0.22 
* Includes cultipacking and pulverizing. 
Disking 
0, IO 
o.Go 
0.20 
o.o8 
0.2 I 
0.2J 
o.r6 
0.24 
0, I 2 
1.0 I 
o. 12 
0.36 
0.77 
0.$1 
1.34 
0.94 
t Omitted from the average because not representative. 
Spring-tooth 
harrowing Harrowing 
0.94 
o.69 
o.rg 
1.09 
0.32 
I .OJ 
!.54 
0.$1 
0.29 
2.05 
I.88 
1. rG 
0.12 
o.67 
0.12 
0.17 
1.7 5 
0-94 
0-49 
1.00 
0.36 
I. 59 
I.83 
I.OO 
I.78 
3.00 
J.88 
0.62 
0.38 
r.oo 
Q.I4 
0.41 
0.02 
0.11 
O.J I 
o.6s 
0.22 
o.rg 
0.29 
o.s6 
0.38 
O.J I 
0-39 
o.zs 
o.8s 
1.49 
O.J2 
0.$4 
O.~p 
0.07 
o.8I 
I.OO 
3.00 
1.25 
o.68 
r.oo 
2.21 
2.00 
0-79 
r.oo 
1.39 
3-50 
J.OO 
1.14 
2.01 
Rolling* 
o.os 
.2I 
.09 
-30 
-34 
.07 
.20 
0.13 
O.J I 
O.I6 
1.00 
o.zg 
O.JO 
0.12 
0.24 
0.28 
0.36 
-52 
.69 
-54 
.6I 
.63 
-55 
.68 
·48 
.sz 
-70 
-45 
-73 
.83 
.s6 
.68 
-75 
.Go 
-59 
o.s6 
O.J3 
o.6s 
o.6s 
o.6s 
o.66 
o.89 
o.83 
1.69 
0.70 
o.86 
1.23 
o.87 
0-74 
O.jS 
0.78 
0,70 
0,49 
o.8s 
o.89 
o.gr 
1.39 
1.43 
1.27 
0.71 
o.8I 
0-97 
1. I I 
I. II 
1.22 
1.69 
I. 17 
1.83 
1.85 
z.og 
1.2 I 
1.95 
3-49 
2.01 
2.22 
2.21 
2.22 
4-98 
5-42 
S-9 I 
6.68 
6.95 
6.96 
7-07 
7-48 
7·59 
7•7 I 
7-78 
7.80 
8.o6 
8.36 
8.g6 
I I.J2 
I2·-7S 
7-52 
7-42 
6.8I 
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Variations in the Labor Expenditures on Barley 
The expenditures of man labor, horse work, and tractor work on 
barley for each of the farms studied in I927 and the average for each 
of the three years are presented in Tables 20 and 21. The man labor 
ranged from 5.0 to I2.8 hours per acre. In general, variations in the 
expenditures were the result of the same factors as discussed under 
wheat, namely, differences in (I) cropping practices; ( 2) variations in 
the size, shape, and location of the fields; ( 3) the size of the power unit; 
( 4) the yield; ( 5) the quality of labor; and ( 6) the management. 
Materials Used for Barley 
Trebi, more commonly known as Canadian, was the variety of barley 
most generally grown. Velvet was just being introduced and its use 
was still confined to a few farms. The most common rate of seeding 
was 2 bushels per acre, altho it varied from I 0 to 2% bushels. The 
amount of twine used varied from 1.05 to 4·3 pounds per acre, 2Ys 
pounds being the average. The common rate for threshing vvas 4 cents 
per bushel. Hour rates for threshing were the same for barley as for 
oats or wheat, $4.50 to $8.oo per hour. 
Standards for Barley Production 
Standards for seedbed preparation, seeding, and harvesting are the 
same for barley as for wheat with the exception that the standard for 
shocking barley is one hour per acre as compared with o.g of an 
hour for wheat. The standard for rolling, which has not been given, is 
04 man hour and 1.6 horse hours per acre. The Northwest Experi-
ment Station recommends 2 bushels of seed per acre. Two and three-
fourths pounds of twine should be sufficient for a yield of about 35 
bushels per acre. Less might be needed for a lower yield and more for 
a higher yield, the amount depending upon the amount of straw. 
Distribution of Labor on Barley 
The elates between which work on the barley crop is ordinarily per-
formed, together with the estimated number of clays within which field 
work may be clone, are presented in Table 22. The computation of the 
elate for starting seedbed preparation for barley is based on the assump-
tion that both wheat and oats will be seeded before the barley. If either 
or both of these crops are not included in the cropping system, the field 
work for barley may start earlier. Fall plowing may be clone any time 
between harvest and the time the ground freezes. 
Table 21 
Horse and Tractor Work Used per Acre by Operations on Barley, 1927 
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221 
I6I 
233 
o8I 
023 
03It 
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Fall plowing Spring plowing 
2 3·7 
I7.J 
28.J 
I 7.2 
57 31.8 
54 28. I 
9 25-3 
24 25-3 
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27 
4I 
72 
.,, 
.,,_. 
... , 
00 
::r::..c 
"' 
" Ei; 
·- ~ E-<o 
0-79 0-93 
11.11 0.94 
4-95 0.49 
I .92 0.94 0.82 
3·83 0.4I 
I 1.24 
2·.87 
2.96 
9·74 
o.87 o.66 
1.00 
1.04 I.OO 
0.30 
1.00 
4·63 0-59 
1.07 o.zs 0.49 
0.77 1.00 
I.75 1.00 
9-98 0.70 
9I 29.8 o.6I 0.79 0.24 o.2I 
II 26.4 
20 2!).7 IO.JJ 0.72 
32.2· s.s3 o.41 rr.os r.oo 
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20.g 
29-9 
4.24 0.27 o.63 
2,8I o. I8 0.36 
2-33 0.29 0.48 
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1926 45 
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*Includes cultipacking and pulveriz!ng. 
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Fig. 26. Daily Distribution of Man Labor on a 48-Acre Field of Barley 
Seedbed preparation and seeding of barley ordinarily follow the spring work on oats and 
precede that on flax. 
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The daily expenditure of man labor on a 48-acre field of barley is 
shown in Figure 26. The distribution is fairly typical of the region. 
The operations for barley fall into three distinct periods; one of seedbed 
preparation and seeding the first part of May, another of harvest the 
first part of August, and another for threshing the latter part of 
August. 
Table 22 
Usual Dates and Work Days Available for Performing Different 
Field Operations on Barley 
Operation 
Seedbed preparation 
Seeding 
Cutting 
Threshing 
Usual dates 
April r8 to May z.r .................... . 
April 22 to May 2 I .•••••.•.•....•...•• 
July 26 to Aug. 22 •••........•••.••••.•• 
Aug. I? to Sept. 20 .••.•••••...••..•.•.• 
Flax 
Usual Practices in Flax Production 
Work days 
available 
20 
I6 
I 5 
28 
vVork on the flax crop customarily follows that on wheat, oats, and 
barley. Better yields of flax usually result from early seeding. How-
ever, a fair yield of flax may be obtained from a seeding somewhat 
later than is possible for wheat or barley. For this reason the acreage 
of flax is influenced by the land remaining unplanted after the safe 
seeding dates for these crops. Twelve per cent of the land for flax was 
fall plowed and 8I per cent spring plowed. Nine per cent of the land 
was disked once and approximately 9 per cent disked more than once. 
Approximately I I per cent of the land was covered with a spring-tooth 
harrow and one-half of this more than once. Twenty-four per cent 
of the land was covered with a spike-tooth harrow once before seed-
ing, I9 per cent twice, and 3 per cent three or more times. Fifty-three 
per cent of the land was rolled, pulverized, or packed before seeding. 
After seeding, 6 per cent of the flax was harrowed once, 32 per cent 
was rolled or packed once, and 5 per cent was rolled or packed twice. 
Occasionally land that had not been under cultivation for several years 
was plowed late in the spring, perhaps rolled, and· then flax was drilled 
on the sod without further preparation. Late seeding, together with 
poor seedbed preparation, resulted in low yields. On the farms studied, 
most of the flax was cut, bound, and threshed from the shock, altho 
sometimes it was never shocked and occasionally it was not bound but 
allowed to fall in a windrow. In the last year a combine was used on 
three farms. On two farms a tow mill operator threshed the flax, taking 
the straw in payment for the threshing. During the three years of the 
study, a number of farmers sold their flax straw to a tow mill at from 
$4.00 to $s.oo per ton. 
Table 23 
Man Labor Used per Acre by Operations on Flax, 1927 
Plowinf,; Disking 
Spring-tooth 
harrowing Harrowing Rolling* 
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s:J 'tl>.. ~ ... '-'>.. ~5 ro>.. ;; '-' ... 0 
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~, ]g ~, 
~~ ;;:; ::c ·- > 1!1 ·- > 1!1 ·- > 1!1 ·- > 1!1 ·- > o "o -"o oo 
"'" 
f-<o f-<o f-<o f-<o f-<o <Jl.c U.c <Jl.c f-<.c f-<.o: 
OSI 38 J.8 2.19 4.00 0.18 1.00 0.42 o.59 1.42 4.8o 
028 273 5-2 1.74 1.00 0.26 0.58 ·48 o.8g 0.57 I. 59 5-53 
021 53 2-.8 1.34 1.00 0.36 0-45 0,42 1.09 o. 19 o.gg .OJ 0.02 .6J I. 17 o.58 1.20 5-92 
231 23 7.1 o.;o 1.00 
-77 2.00 .78 I.OI o.66 !.JO 5-22 
232 86 7·4 o.Sr 1.00 0.43 o.Sg 0-37 o.5r 0.21 o.go -40 0.64 0.67 I.Sg 5-42 
026 71 5· I 1.3 I o.6o 0.23 0.40 -58 1.0:) -55 0-93 o.62 1.36 5-58 
071 rs 4-3 2.23 1.00 0.53 I.OO ·46 I.OO -53 1,12 0.72 LOS 6.64 
201 8r 6.J 2.26 I.OO 0.32 0.20 0.77 0-94 0-53 1.27 ,22 o.65 ·47 o.n O.J I I. 57 7-22 
025 5 7-2 1.07 0.46 1.02· 2.00 0.28 o.56 0,28 1.00 .s6 1.00 .s6 0./0 0.46 2-93 7.86 
r6r 38 9·7 2.30 1.00 0.49 o.82 0-59 2. x6 ·45 1.00 -55 I. OJ 1.00 2.19 8.60 
022 20 7-0 2.76 1.00 1.42 2.00 o.6r 2.00 -59 1.00 ·46 o.g3 0.49 1.5 I 8.77 
o8z 5-7 2.14 1.00 I.g6 2.00 I. I6 2.00 -44 l.OO -44 1.64 I. SO 3-55 12.83 
Average 
1927 59 6.o 1.56 o.84 o.68 1.03 O.IJ 0.29 O.J6 I. OJ .J6 0.77 -52 0.95 o.63 r.So 7-03 
rg26 s8 7-3 r.5o o.si o.67 1.42 o.J5 0.7! o.6J I. SO -53 0-97 -52 o.88 0.]2- 1.72 7-52 
1928 6g 5-9 I. 57 o.8g 0.29 0.48 O. I 5 0.27 o.z; o.SJ 0.32 o.87 o.ss 0.72 0.66 1.64 6.20 
*Includes cultipacking and pulverizing. 
Table 24 
Horse and Tractor Work Used per Acre by Operations on Flax, 1927 
Spring-tooth Thresh-
Plowing Disking harrowing Harrowing Rolling* Seeding Cutting ~ Total 
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051 38 3-8 8.74 4-00 0-74 1.00 !.69 '-'-37 2-39 I 5·93 
028 273 5.2 4.60 I. I 7 1.00 1.04 0.58 1.94 3.56 2.87 14.01 I. 17 
021 53 2.8 0-13 1.31 1.00 1.41 0-45 0.42 1.09 0-77 0-99 o.o6 0.02 2.53 o.6J o.84 5-74 2.J6 
231 2J 7.1 I. 19 I.OO J.03 2.00 2-95 4-05 2.09 12.17 '·'9 
232 86 7-4 0.81 I.OO '·44 0.07 o.89 1.00 .12- 0.51 0.14 0.17 0.90 0.40 2.02 .I4 2·.J9 6-99 I.7I 
026 7I 5· I 7-75 o.6o 1.07 0-40 2.JO 1.00 2.08 3.6s 2.J8 19.23 
071 IS 4-J I I.8S 1.00 2.10 1.00 !.58 1.00 2.10 4-46 2.10 24.19 
201 8I 6.3 11.62 I.OO 1.28 0.20 4·49 0-94 2.84 !.2·7 o.Sg o.6s !.87 J.08 J.OI 29.08 
025 7.2 5-25 0.46 I.86 .s6 2.00 .28 o.56 I. 12 1.00 2.23 1.00 2.2J 2.79 6.I3 2 r.6r o.84 
I6I 38 9·7 I I.J6 1.00 I.g8 o.82 2.J7 2.I6 0.90 1.00 1.45 J-90 3.8s 25.8I 
022 20 7-0 1.46 2-39 1,00 ;.66 2.00 2-44 2.00 2.J4 1.00 I.86 3-7I J.03 20.50 2-39 
o8z. 5·7 S.IO I.OO J.20 2.00 2.JI 2.00 o.89 I.OO I.78 3.28 6.00 25-56 
Average 
1927 59 6.0 ;. IS o.57 o.84 2.13 .os 1.03 o.ss .07 0.29 1.24 .OI !.OJ 1.28 0.77 !.87 .OJ J.07 .o6 J.Og I8.40 0.7J 
I926 ss 7-J 6.gJ o. IJ 0-57 2.68 1.42 I.J4 0.71 2.IS I.SO !.SO 0-97 I.9I 2.92 .07 2.6I 22·.J4 0.20 
1928 6g 5-9 J.OI 0.7] o.Sg 1.07 0.02 0.48 0.49 0.02 0-27 o.gs 0.03 o.SJ I.28 o.87 1.9J 0.05 !.78 o.rg J,OI I 3.52 1.08 
*Includes cultipacking and pulverizing. 
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Variations in Labor Expenditures on Flax 
The expenditures of man labor, horse work, and tractor work on 
flax for each of the farms studied in 1927 and the average for 1926, 
1927, and 1928 are given in Tables 23 and 24. The total man labor 
expenditure varied from 4.8 to ro. r hours in 1927, with an average of 
6.7 hours. The yearly average was considerably higher in 1926 than 
in either of the other two years, largely because of more thoro seed-
bed preparation and a higher yield. In general, the variations are due 
to the same factors as were discussed under wheat. The labor expendi-
ture on Farm osr was low partly because the flax was not shocked. 
Farm o82 had a high labor expenditure because of inefficiency of opera-
tion due to small acreage, use of small power units, and a long distance 
between the fields and the farmstead. 
Materials Used for Flax 
Seeding rates for flax varied from 22 to 42 pounds per acre, averag-
ing 31 pounds for the three years. When the crop was bound the 
amount of twine used varied from one pound to a little over 3 pounds 
per acre with an average of I ;Y4 pounds. The usual threshing rate was 
12 cents per bushel. Hour rates were the same as for the small grains. 
Standards for Flax Production 
The standards for the operations in seedbed preparation and seed-
ing of flax are the same as for the small-grain crops. The per-acre 
standards for harvesting with a binder and shock threshing, assuming 
a yield of ro bushels per acre, are as shown in Table 25. ·with higher 
or lower yields the expenditures would be correspondingly more or less. 
Standards for combining are the same as presented in the discussion 
of the wheat crop. Twenty-eight pounds of seed per acre of the small-
seeded and 42 pounds of the large-seeded varieties are the amounts 
recommended by the Northwest Experiment Station. Two pounds of 
twine should be sufficient for a yield of about ro bushels. 
Table 25 
Standards per Acre for the Harvesting and 
Shock Threshing of Flax 
Operation 
Cutting with 8-ft. binder ..................... . 
Shocking .................................... . 
Threshing .................................. . 
Man 
hours 
o.S 
o.S 
1.9 
Distribution of Labor on Flax 
Horse 
hours 
3.20 
J.Io 
The elates between which the operations on flax are most commonly 
performed, together with the probable number of clays during which 
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Fig. 27. Daily Distribution of Man Labor on a 38-Acre Field of Flax 
Seedbed preparation and seeding of flax ordinarily foJlow those for barley. 
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CROP PRODUCTION IN THE RED RIVER VALLEY 7I 
weather and soil conditions will permit field work to be done, are pre-
sented in Table 26. It must be kept in mind that the work on the flax 
crop follows that on wheat, oats, and barley, and hence will be governed 
by the progress of work on the other crops. 
Table 26 
Usual Dates and Work Days Available for Performing Different 
Field Operations on Flax 
Operation 
Seedbed preparation 
Seeding 
Cutting 
Threshing 
Work days 
Usual dates available 
April 30 to June 10 . . . . . . . . . . . . . . . . . . . . . 26 
May 13 to June 15 . . . . . . . . . . . . . . . . 18 
Aug. 13 to Sept. 20 • • . . . . . 30 
Sept. I to Oct. I 5 . . . . . . . . . . . . 28 
The daily expenditure of man labor on a 38-acre field of flax is 
shown in Figure 27. This distribution is typical for the region. The 
labor is concentrated in three periods, namely, a week of seedbed prep-
aration and seeding about the middle of May, four days of harvesting 
in September, and one day of threshing in the latter part of September. 
Potatoes 
Usual Practices in Potato Production 
The acreage of potatoes on the farms studied was large enough that 
the potatoes were planted, cultivated, and dug with machines. The land 
for potatoes was plowed in the fall when possible. Occasionally a field 
was plowed both fall and spring. The land plowed in the fall varied from 
35 to 79 per cent with an average of 70 per cent for the three years. 
Twelve per cent of the land was disked once, r8 per cent twice, and 8 
per cent from three to eight times. Eleven per cent of the land was 
gone over once with a spring-tooth harrow, 39 per cent twice, and 8 
per cent three or four times. Twenty-five per cent of the land was har-
rowed once, 40 per cent twice, and 25 per cent three times before 
planting. After planting, 40 per cent was harrowed once and ro 
per cent more than once. The number of cultivations varied from 
one to seven. Fifty per cent of the potatoes were cultivated three times 
and 25 per cent four times. A little over half the land was covered with 
a weeder. Forty-six per cent of the acreage was sprayed once, 40 per 
cent twice, and 9 per cent three times. Rogueing was a common prac-
tice if the potatoes were to be certified. The larger part of the 
production was stored in pits or cellars on the farm and then marketed 
during late winter or early spring. This was particularly true of the 
certified seed potatoes. In numerous cases potato picking was hired and 
the pickers were paid by the bushel. 
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Variations in Labor Expenditures on Potatoes 
T he labor expenditures varied, largely as a result of the same causes 
as were discussed under wheat. Differences in cultural practice were 
perhaps a little more important than with wheat because of the increased 
number of pos ible operations. T he total expendit~;~re of man labor 
per acre in 1927 varied from approximately 32 to 65 hours. The labor 
expenditures per acre by operations for each of the farms studied in 
1927 and the average for each of the three years of the study are pre-
s~nted in Tables 27 and 28. 
Fig. 28. P lanting P otatoes in the Red River V all ey 
The two-row planter is commonly used on farms growmg large acreages of potatoes . 
Materials Used in Potato Production 
The Early Ohio is the variety of potatoes most generally grown on 
the fa rms studied. However, the growers on the better potato soils 
close to the ~ed River, who planted large acreages, grew largely the 
Irish Cobbler. T hese men were producing for a speciali zed seed trade. 
From 10 to 14 bushels of seed were generally used, a ltho the producers 
of certified seed on the better soil used as much as 28 bushels of seed 
per acre. The amount of spray material varied from nothing to over 
10 pounds per acre. Paris green was the common spray material altho 
some bordeaux mixture, a rsenate of lead, and zi nc arsenite were used 
in a few cases. The common rates for picking potatoes varied from 4 
to 5 cents per bushel. Most of the potatoes were sold in bulk. When 
sacked,, the purchaser sometimes paid the grower for the sacks. Sacks 
holding 120 pounds cost from II to I 3 cents each. 
Table 27 
Man Labor Used per Acre by Operations on Potatoes, 1927 
0 
z 
233 
02S 
221 
023 
o81 
OS I 
OJ I ·x-
232 
oSz 
231 
026 
021 
Average 
2 
23 
!8 
7 
13 
3 
4 
I927 8 
1925 
1928 10 
1928** 76 
126 
I03 
6J 
6o 
69 
149 
54 
!OS 
Plowing 
"' 5 
0 
::r:: 
I.Zg 1.00 
2·.J6 1.00 
5-09 0.96 
2.36 I .00 
4.00 1.00 
I-99 1.00 
2.47 I.OO 
2.04 1.00 
0-SS 0.38 
4-17 r.oo 
I .J8 1.00 
1,10 1.00 
4-30 1.00 
s -43 !.00 
r.6g r.oo 
84 2.3 I 0.88 
78 2.27 0-93 
72 2.2$ !.25 
I 64 1.78 0.95 
Disking 
2.17 2.00 
I.26 1.00 
0.78 I.02 
0.37 0.62 
1.16 2.00 
Spring-tooth 
harrowing 
'-37 4-00 
I .J8 2.00 
0. 79 2.00 
1.23 1.00 
0.45 ] .00 
0.16 2.00 
o.Ss 0.70 
3·3 I 2.00 
1.76 2-S3 
0.72 1,00 
0.41 0.47 0.76 I. 12 
o.44 0.72 0.42 o.67 
o.sz- o.83 0.35 o.62 
0-47 0.7J !.03 1.22 
Harrowing 
"'· ~ 
0 
::r:: 
0.4$ 1.00 
0.36 2.00 
0.46 '-93 
0.98 2.os 
o.63 I.OO 
I, I 7 J.OO 
0.46 2. IO 
0.49 I .00 
1.02 2.$7 
I,OJ 2,00 
0.98 2,00 
o.6g I,oo 
0.55 3.00 
o.Bo z.oz 
o.o8 o.xz 
0.48 r.oo 
Weeding 
2. I 2 3· 50 
o.Ss r.o8 
0.3S 0.98 
o.88 I.oo 
0.72 1.83 o.o9 a. IS 
0.92 3-32· 0-43 0.29 
1.25 2.50 0.17 0,17 
o.86 2·.72 2.24 1.20 
*Omitted from the average b::cause not representative. 
Rolling 
0.22 0.2$ 
-96 1.00 
.o8 0.09 
.o6 o.o8 
o. 18 0.2·5 
t Docs not include picking labor paid on a bushel basis amounting to $x. 15 per acre. 
t Does not include picking labor paid on a bushel basis amounting to 7 cents per acre. 
§Does not include picking labor paid on a bushel basis amounting to $1.09 per acre. 
II Does not include picking labor paid on a bushel basis amounting to 89 cents per acre. 
5-33 
3-66 
s-s6 
4-44 
4-00 
2.89 
9-37 
5-90 
8.72 
6.32 
6.74 
S· IS 
8.20 
6.8s 
9-09 
J.OI 
2-97 
!.70 
4-17 
!.79 
3-63 
1.90 
2.12 
3-09 
!.64 
2.24 
2.70 
2.8I 
4-26 
2-35 
3-52 
2. I 7 
2.67 
2.07 
2. I2 
2-39 
Cultivating 
"' h 
" 0 ::r:: 
s.66 4.00 
7-07 4-00 
6.94 2.89 
6.4I 4-00 
s.zs 4.00 
3-16 2.98 
8. I9 3.00 
4.2 I J.OO 
8.s8 4.aa 
5· II 3-38 
4-41 3.00 
8.8I 4-SO 
4·42 2.00 
7-40 4-98 
I 1.44 3.00 
I3.98 4.00 
6-53 3-62 
7-'7 s.z6 
7-06 3-69 
4-64 3-5' 
2.J I 
2.27 
o.8I 
4.66 
0.$ I 
12.05 
Spraying 
"' E~ 
·- ~ f-<o 
o.84 z.oo 
0.4J 1.00 
2.2·5 3.00 
1.25 1.00 
0.$4 1.00 
I.J7 1.00 
I ·97 2.00 
I.SO I.3S 
3-35 2·.3 I 
s-64 ~.aa 
J, 12 J.OO 
142 1.00 
1.90 2.00 
o.88 1.00 
3-49 3-00 
I.62 I.g8 !.69 
2.01 2.19 !.28 
2.8! 0.98 '-43 
2.06 0.68 !.07 
**Average for large potato producers on the better potato soil. These farms are not included in the oth2r average for 1928. 
U Does not include picking labor paid on a bushel basis amounting to $1.88 per acre. 
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2.8I 
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2.20 
6.67 
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I 1.88 
I3-44 
6.71 
I 1.68 
I2.38 
2!.39 
IO.J2 
I9-38 
I r.28t 
I7-87 
6.86 
IS-SO 
I8.6I 
zo.6o 
I2·-39 
22.6S 
32·.20 
32-39 
34-02 
34·94 
36.02 
38.28 
39-23 
39-39 
39-SI 
39-67 
39-84 
43-S8 
4I.7I 
48.64 
S2-I4 
6s. I8 
2.72 IS.oi:t 40.38 
3.00 I0.8I§ 36.75 
2. r8 I4.I8II 39.09 
2.04 I 3-88U 40-36 
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02·5 
221 
023 ZJ 
o8r 
05I 
OJ I ·x-
232 4 
oSz 
23I 
02.6 
021 
I8 
7 
67 
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I9 
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126 
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6r 
Go 
Plowing 
1 I .27 
25-46 
I 1.78 
... 
0 
~"' 
'-''-' 
"'" '-'o f-<..c: 
1.29 1.00 
1.00 
0.96 
1.00 
1.00 
4-33 o.go 1.oo 
I4.JO I .00 
1.00 
0.38 
1.00 
I.JS 1.00 
201 69 6.55 r.oo 
I6I 13 
032* 3 
022 4 
1.:19 20.21 1.00 
54 r6.I3 r.oo 
105 r.6g 1.00 
Average 
1927 8 84 
1926 78 
1928 IO 72 
1928t 76 .164 
8.15 0.38 o.88 
9.89 o.o7 0.93 
7-27 0.7J 1.25 
5.98 o.so o.gs 
Table 28 
Horse and Tractor Work Used per Acre by Operations on Potatoes, 1927 
Disking 
8.66 2.00 
5.06 1.00 
J.II 1.02 
1.47 o.62 
1.64 0.47 
1.7-~ 0.72 
2.08 o.83 
I .89 0.73 
Spring-tooth 
harrowing 
... 
2, 
'-''-' 
"'" '-'o t-<..o 
"' s~ 
-~ > 
t-<o 
1.37 4-00 
I.J8 2.00 
J. 14 2.00 
2.50 I ,00 
x.Sr r.oo 
1.40 0.21 2.00 
3·40 0.70 
9·5'1 0.69 2.00 
7-06 
2 .. 89 
2.53 
1.00 
1.76 0.26 I.I2 
I.$5 0.03 0.67 
o.66 o. rz o.62 
4·38 1.22 
Harrowing Weeding 
I.77 1.00 
1.45 z.oo 
r.85 1.93 
2.89 2.05 
I .2·5 1.00 
4.69 3.00 
r.82 2·.50 
1.97 1.00 
2.63 2.57 
4.08 z.oo 
3· I9 2.00 
2.]] I.OO 
2.84 3.oo 
J.ZZ 2.02 
o.rs o.rz 
0.96 1.00 
2.54 !.83 
3-35 3-32 
4.81 2.50 
3.25 2.72 
z.to x.o8 
o.7I 0.98 
1.76 1.00 
o.::w 0.15 
0.35 0.29 
o. 35 o.I7 
!.33 1.20 
Rolling Planting Cultivating Spraying 
0.43 0,25 
3.86 r.oo 
0.3 r o.og 
0.13 o.oS 
0.-f9 0.25 
5.83 
3·4' 
8.3J 
3-4I 
7-25 
7-0.) 
4-25 
6.r8 
II.JZ 4.00 
14-49 4-00 
13.88 2.89 
12.81 4.00 
ro.so 4.oo 
6.32 2.98 
16.39 3.00 
8.43 3.00 
3.28 r6.82 4.00 
3·90 II.IO 3.38 
5-39 8.82 J.OO 
5.62 . I7.62 4.50 
8.52 8.83 2.00 
4-71 14.80 4-98 
7.04 22.88 3.00 
4·34 25.66 4.00 
5-52 
4-08 
4·27 
5.56 
12.96 J.62 
'3·94 5.26 
13.53 3.69 
13·3"\ 3·5 1 
r.gr z.oo 
o.S7 I.oo 
4·42 J.OO 
z.so 1.00 
1.08 r.oo 
I.ZI 1.00 
3-94 2.00 
1.30 1.35 
4.26 2·.J I 
1.00 
4-54 3.00 
2.84 I .00 
J.Sr z.oo 
1.00 
5·54 3.00 
2.64 r.69 
3-'4 1.28 
1.62 1.43 
r.o7 r_.o5 
*Omitted from the average because not representative. 
Picking, 
Digging hauling __ T_'o_l_al_ 
9.64 
7-97 
5.66 
8.JI 
14.50 
10-47 
10.J2 
10.11 
7·98 
7-50 
I4-7I 
12.62 
7-53 
13-78 
I 2.05 
... 
0 
~"' 
'-''-' 
"" '-'o t-<..c: 
2.27 
g.zr 0.16 
9·77 
6.52. 0.34 
6.67 0.24 
7-29 
8.I9 
I I.IJ 
4.00 
z.sJ 
8.04 
I 5·45 
3·03 
3·75 
6.86 
7-92 
s.os 
5-73 
8.80 
13.26 
6.73 
6.68 
3·9 I 
39·69 
... 
0 
~ •n 
'-''-' 
"'" '-'o t-<..c: 
37-76 2.66 
47.65 I.38 
5s.o8 
57~89 
58. 5o 
46.93 o.go 
60.57 
$2.54 0.21 
51.37 
38.52 
47-30 
48.oi 4.34 
47-25 
65.78 
n.6o 
68.s6 r.69 
sr.66 o.8o 
54-62 o. 10 
45·5 I I. 19 
83.16 0.74 
t Average for large potato producers on the better potato soil. These farms are not included in the oth~r average for 1928. 
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Standards for Potato Production 
The standards for seedbed preparation for potatoes are the same as 
those for the small grains. The standards for the other operations are 
indicated in Table 29. 
Table 29 
Standards per Acre for Potatoes 
Operation Implement J\.1an hours 
Horse Acres over in 
Cutting seed 
Planting 
Cultivating 
Spraying 
Digging 
Picking and hauling 
Miscellaneous 
1-row p]anter, 2 horses .. . 
r-row cultivator ......... . 
r-row digger, 4 horses .... 
hours ro-hour day 
3·6 5-5 
2.6 7-7 
!.8 II. I 
7-2 5-S 
s.o 
The standard for picking and hauling is a combined standard because 
m many cases the one who hauls also does some picking. 
From 12 to r8 bushels of seed per acre are recommended by the 
Northwest Experiment Station. Two pounds of paris green, 4 pounds 
of lime, and 4 pounds of copper sulfate per acre should be sufficient 
for two sprayings, the first with paris green alone and the second with 
a combination of paris green and bordeaux mixture. Other arsenical 
compounds may be substituted for paris green, the amounts required 
varying vvith their relative strength. When r6 per cent superphosphate 
results in greater returns, an application of 250 pounds per acre 1s 
suggested. 
Distribution of Labor on Potatoes 
The dates during which the operations for potatoes are commonly 
performed, and the number of days available, are indicated in Table 30. 
Table 30 
Usual Dates and Work Days Available for Performing Different 
Field Operations on Potatoes 
Operation 
Seedbed preparation 
Planting 
Cultivating 
Spraying 
Digging 
Usual dates 
April 25 to June 5 ..................... . 
May IO to June 5 ........•..•..........• 
June I to July 30 .•....•...••••.•.•.•.•• 
July IO to Aug. I •.••••••••.•...••.••••• 
Sept. 25 to Oct. IO ..••..•.•..•••.•.....• 
Work days 
available 
26 
I9 
40 
IS 
IO 
The daily expenditure of man labor on a 23-acre field of potatoes 
is indicated in Figure 29. Since cutting seed and picking are ordinarily 
done by temporary help, hired for this particular work, the labor for 
these two operations is indicated separately. The labor in August is 
largely hand hoeing. A large amount of labor is required during plant-
ing and harvesting, but as seed cutting and picking are usually done with 
contract labor these two periods do not represent so heavy a burden on 
the regular force as a glance at the chart might lead one to believe. 
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Fig. ~9- Daily Distribution of Man Labor on a 23-Acre Field of Potatoes 
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~ 
!a 
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The dotted portion of the lines represents labor for cutting seed and picking up the pota-
toes. These jobs are frequently done by hired laborers paid by the bushel. Work on the 
potato crop comes at approximately the same time as that on corn and sugar beets. 
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Corn 
Usual Practices in Corn Production 
The land for corn was practically all plowed, averaging about half 
in the faJI and half in the spring. The relative proportions varied from 
year to year. Approximately IO per cent of the land was disked once, 
24 per cent twice, and 5 per cent more than twice, in some cases as many 
as six times. The spring-tooth harrow or the field cultivator was used 
once on 7 per cent, twice on 25 per cent, and three or more times on 8 
per cent of the land. Thirty-three per cent of the land was harrowed 
once before it was planted, 39 per cent twice, 18 per cent three times, 
and 4 per cent from four to six times. About 46 per cent of the land 
was harrowed once after planting and 14 per cent twice. In addition, 
20 per cent of the land was rolled or packed. The number of cultiva-
tions varied from one to eight, with about 58 per cent of the crop evenly 
divided between three and four times, and 37 per cent divided equally 
between two and five times. Planting was done with a two-row planter. 
Ordinarily, corn for silage or fodder was drilled, but some checked corn 
was cut for fodder. Owing to the small acreages grown on the farms 
studied, the use of one-row cultivators was practicaJiy universal. Only 
3 per cent of the crop was husked from standing stalks and this was 
largely husked and hauled in as it was needed for feed. Forty-one 
per cent of the corn was put in the silo, 44 per cent cut and shocked, 
and 10 per cent hogged off. Two per cent of the crop was not har-
vested, largely because seeding was too late for a crop to mature or 
because the corn drowned out. Corn for silage or fodder was generaJiy 
cut with a binder. 
Variations in Labor Expenditures on Corn 
The expenditures of man labor, horse work, and tractor work on 
corn up to harvest time in 1927 and the average expenditures for each 
of the three years are given in Tables 31 and 32. The total amount of 
man labor per farm in 1927 varied from 4.6 to 17.8 hours, and for the 
three years averaged 10.3 hours. Important causes of this variation were 
the differences in the number of operations performed in seedbed prep-
aration and the number of times the field was cultivated. Other causes 
were those outlined in the discussion of the wheat crop. The expendi-
tures for harvesting are presented in Table 33· The method of harvest-
ing will further affect the amount of labor expended on an acre of corn. 
Silo filling requires more labor per acre than cutting and shocking. 
Hogging-off takes practically no labor except for the construction of 
temporary fences. 
Table 3I 
Man Labor Used per Acre by Operations on Corn up to Harvest, I927 
232 
233 
23 I 
026 
20! 
02·4 
02! 
r6r 
023 
o8r 
051 
07! 
221 
025 
Average 
1927 
1926 
1928 
38 
24 
22 
17 
20 
9 
8 
2-3 
14 
5 
2·2 
29 
14 
Fall plowing Spring plowing 
"' s~ 
·- :> f-<o 
0.70 I.OO 
1.07 1.00 
LSI 1.00 
1.04 o.so 
o.sr 
0.06 
2.00 
z .. 5 r 
r.6s 
o.66 
2.00 
!.64 
o.ss 
2.91 
2.91 
!.32 
0.73 
I. I I 
0.02 
1.00 
1.00 
o.83 
0.21 
1.00 
0.70 
0.26 
L04 
r.oo 
"' ~ 
0 
~ 
0.76 0.40 
Z.IJ I.OO 
0-54 o.so 
!.97 
r.66 
1.25 
r.g6 
2-34 
3.68 
!.36 
r.oo 
0-97 
o.g8 
I.OO 
I.OO 
O.JO 
o.6r 
0,26 
I.OO 
1.00 
o.s6 
0.68 
0.42 
-x- IncJudes pulverizing and cultipacking. 
Disking 
"' a~ 
·- :> t-<o 
o.87 z.oo 
O.J I 0.70 
o.r6 0.33 
0.22 o.so 
0.16 
!.53 
0, I 5 
0.54 
O.J3 
0.37 
o.6g 
0.!6 
2.3s 
2.30 
0. IJ 
o.8r 
0-57 
0.72 
I. OJ 
Spring-tooth 
harrowing 
"' ~ 
0 
~ 
o.g r z.oo 
o.g8 2.oo 
r.ss 2.oo 
!.29 0-99 
0.10 
o.83 
o.6r 
I.JO 
0.35 
o.6r 
0.29 
o.87 
'-49 
0.72 
o.58 
0.24 
o.r8 
1.92 
2.00 
r.Ss 
I. 14 
r.r6 
0-70 
0-77 
0.87:1: 
2.00 
3.00 
t Omitted from the average because not representative. 
+Weeder used instead of a spring-tooth harrow on this farm. 
Harrowing 
"' k 
" 0 ~ 
"' s~ 
-- > t-<o 
0.22 I ,00 
o.zs 2.00 
0.$2 3.00 
I.OI 2.00 
o.6z z.or 
0.92 
0.71 
o.86 
o.66 
1.09 
r.r6 
0.98 
2.10 
o.gr 
o.gs 
3-67 
2.00 
1.00 
2.65 
2.00 
4.00 
2.00 
3-23 
2.10 
2.00 
s.oo 
2.2-8 
2.88 
2.22 
0.67 
0.19 
0.04 
1.08 
0. I 5 
0.10 
0.10 
"' StJ 
·- > t-<o 
0.62 
0.98 
0.25 
0. IO 
2.00 
o.zs 
0.18 
o. r6 
Planting 
"' s~ 
-- :> t-<o 
o.ss !.00 
o.83 r .oo 
0.78 1.00 
o.68 r.oo 
1.44 1.00 
1.02 
I. r6 
r.o8 
0-75 
o.go 
o.gs 
r.o8 
r.64 
0.88 
0-97 
o.go 
1.01 
1.00 
1.00 
1.00 
I.OO 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
r.oo 
1.00 
r.oo 
I. DO 
1.00 
I.OO 
Cultivating 
I .JJ 2.00 
J.OS 2.00 
2.$0 J.OO 
4.10 J.OO 
3.09 2.00 
5-34 
4·77 
s.86 
5-03 
J.IO 
6.18 
6.45 
4-05 
3-91 
4-77 
5-76 
5-16 
r.67 
2.22 
3-99 
s.oo 
2.g8 
3·3 I 
3-79 
J.OO 
J.OO 
4-54 
3.00 
5.00 
s.oo 
3.06 
4· 12 
3-39 
4.6! 
6.r8 
7-96 
8.o8 
8.24 
g.os 
9-55 
9.62-
9-75 
!0.49 
I 1.77 
!2. 17 
12.32 
!2.45 
13.64 
13.67 
r6.os 
17-79 
10.23 
10.69 
9-87 
Table 32 
Horse and Tractor Work Used per Acre by Operations on Corn up to Harvest, 1927 
232 
233 
2JI 
026 
20I 
024 
021 
I6I 
023 
o8I 
051 
07I 
22I 
02·5 
OJ It 
o82 
OJ2t 
022 
Average 
38 
24 
22 
I7 
28 
17 
20 
9 
8 
23 
I4 
I927 22 
I926 29 
I928 14 
Fall plowing 
6.55 
5· l 9 
0.26 
9-9I 
9-99 
o.;o 
1.07 
"' 
" s~ 
--? E-<o 
I. OJ 
1.00 
1.00 
o.so 
0.02 
1.00 
1.00 
2.89 o.SI o.83 
J. I 3 0.2 I 
I:J.OO 1.00 
7-87 0.70 
2.75 0.26 
10.20 1.04 
4-12 
3· I$ 
3-70 
2.9 I 1.00 
0.32 
o.67 
0.36 
o.62 
Spring plowing 
o.sz 
z.ss 
6.!6 
1 o.8s 
!8.38 
5·44 
0.19 
I. 19 
1.02 
0-4] 
1.00 
o.so 
1.00 
0.97 
0.98 
I.OO 
1.00 
O.JO 
2.44 1-14 o.61 
1.45 0.26 
8.o8 I.oo 
4-39 
6.32 
2.08 
1.01 1.00 
0.21 
o. J6 
0.28 
o.56 
0.68 
*Includes pulverizing and cultipacking. 
Disking 
1.23 
o.64 
o.89 
"' 
" s~ 
·-? E-<o 
2.00 
0.70 
O.J3 
o.so 
0. IG 
6.q 2-35 
s-69 2.30 
o.6z 0.13 
2.17 o.8I 
I.JO 
1.49 
2-73 
t Omitted from the average because not representative. 
:j: W ceder used instead of a spring-tooth harrow on this fartn, 
Spring-tooth 
harrowing 
2.68 
2.43 
4-99 
... 
0 
~"' 
"'"' 
"'" 
'"'" E-<.c
0.10 
0.!6 
2.00 
2.00 
2.00 
0-99 
2.06 
1.85 
2.75 1.14 
4·10 1.16 
2.2$ 
I. I 6 
1.75+ 
5-9.1 
2.28 
1.02 
0.55 
0.35 0.70 
0, I 5 
0, I I 
o.n 
0.87 
2.00 
J.OO 
Harrowing 
0.87 
1.02 
2.0/ 
3-62 
3-27 
o.So 
2-47 
2. I 6 
4.86 
1.86 
"' s~ 
--? E-<o 
I. CO 
2.00 
J.OO 
2.00 
2.01 
o.gr 
0-95 
J.67 
2.00 
1.00 
3.67 2.65 
2.8J 2.00 
3-46 4-00 
2.65 2.oo 
4.2 I J.2J 
2.J I 2•.1 0 
2.62 2.00 
5-4I s.oo 
2.7I 
3· I 3 
J.2l 
2.88 
2.88 
2.22 
1.33 0.98 
0.07 o.ro 
2.17 2.00 
0.32 
0.29 
O.J I 
0.25 
0.18 
O.I6 
Planting 
1.17 
I.65 
I. 55 
I.J7 
2.87 
2.04 
2.70 
!.93 
l.$0 
1.8 I 
"' 
" s~ 
·-,. E-<o 
I.OO 
1.0() . 
I.OO 
1.00 
1.00 
I.OO 
1.00 
1.00 
1.00 
I.OO 
I-56 1.00 
1.95 1.00 
3·46 1.00 
1.83 I.OO 
r.Sg x.oo 
!.77 I.OO 
2.84 1.00 
1.76 I.OO 
1.93 
1.79 
L7G 
1.00 
I.OO 
1.00 
Cultivating 
4-27 
6.09 
7.68 
8.20 
6.I9 
g.OI 
9-54 
I 1.91 
ro.6o 
6.2I 
"' 
" s~ 
·-,. E-<o 
,2.00 
2.00 
J.oo 
J.OO 
2·.00 
2.22. 
3-99 
5.00 
2.98 
12.36 3-JI 
12.90 3-79 
8.11 J.OO 
I I .82 J.OQ 
15.19 4-54 
14.32 J.OO 
!6.8! 5-00 
I6.64 5-00 
9-74 
I 2.44 
I I .45 
3-06 
4.12 
3-39 
Total 
I 1.76 
8.76 
25.7 I 
2-5.8I 
27-33 
IJ.21 
19-94 
24-39 
"9-30 
32-70 
I. I I 
2.05 
0-57 
1.29 
1.60 
·29.37 o.8I 
35-76 
43,;p 
36.o6 0.35 
29-35 1.14 
33-45 
J2.10 
31.93 3-92 
26.79 
29.63 
25-79 
8b MINNESOTA BULLETIN 282 
Table 33 
Man Labor and Horse Work Used per Acre by Operations on 
Harvesting Corn, 1927 
Yield Cutting Shocking Silo Filling Total 
0 
z 
,; ..; 
e " ., 
.,., ., ., ., ., ~~ ., ., ~~ ~ .. :g~ .,,_ Et " Et .... ., .... 
.... " 
., .... Ell ., .... ag ., .... Sg ~ ~s "'" ~_g "" "'" "'" ~2 !:;1] ·- > !:;1] ·- > !:;1] ·- > !:;1]f-<o f-<o II:..c f-<o II:..c 
232 4-9 o.g J.24 3-54 I.OO 2.7I 4.22· 0.44 3·95 7.76 
233 o.9 1.73 S-I9 1.00 2-03 I.OO 3.76 5-19 
23I 6.I 4-I 1.70 4-93 I.OO I.83 o.62 4-47 6.J4 0.38 8.oo I 1,27 
oz6 4-0 I.78 6.59 1.00 5-13 6.91 1,00 6.9I I3.so 
201 I.O 1.14 4·55 1.00 '-44 r.oo 2.58 4-55 
024 3-2 2.0 1.61 4-52 o.88 1.44 0.39 3.I4 4-07 0.49 6.I9 8.89 
02I o.8 o.62 2.47 0.41 0.90 0.41 '-52 2.47 
I6I 3·8 o.69 2-39 1.00 7-93 10.21 1,00 8.62 I2.60 
023 4-3 2.2 2.15 5-75 1.00 2.28 o.s9 3.8o 4·74 0.41 8.23 I0.49 
o8I 2.9 1.27 3.62 1.00 6.04 6.37 0-93 7·3 I 9-99 
051 1.4 '-35 5· 17 t.oo 2.44 1.00 3-79 s. I 7 
071 x.6 I.78 7-13 1.0:> 2-.22 J-03 1,00 4-00 IO.I6 
221 0.7 1.41 5.62 1.00 1.41 1.00 2.82 5.62 
025 2.4 1.58 6.J2 0-70 3-7 3 0,70 5-3I 6.32 
031* 3·9 0.9 2-49 6.87 1.00 0.34 0.39 7-72 I3.87 o.6I xo.ss 20.74 
o82 1.2 I. SO 4-23 0.90 J.S I o.86 5-0I 4-23 
032* 0-5 1.97 7.86 I.OO 2.73 4-I5 1,00 4-70 ]2.01 
022 0.4 3-04t 2-44 1.00 3-04 2-44 
Average 
1927 3·8 x.s '-54 4.68 0-93 I.J2 0-47 2.21 2.87 0-35 5-07 7·55 
1926 3-5 2.8 1.43 4-65 o.85 0.95 0.49 I. 57 2.16 0.34 3-95 6.8I 
1928 3·8 r.8 1.74 5-44 x.oo I .65 0.48 2.17 3· IJ 0.36 5.56 8.57 
I Omitted from the average because not representative. 
t Includes shocking. Excluded from averages for cutting and for shocking. 
Materials Used in Corn Production 
The varieties of corn most commonly planted were Northwestern 
Dent and an early strain of Minnesota r 3· The average amount of seed 
per acre was r6 pounds for drilled corn and 9 pounds for checked corn. 
When drilled corn was cut and bound, 3·I pounds of twine was the 
average amount used. The yearly average amount used per acre on 
checked corn varied from r.7 pounds in 1928 l.o 2.7 pounds in 1927, 
and averaged 2.1 pounds for the three years. The differences in yearly 
averages were due largely to differences in yield. 
Standards for Corn Production 
The standards for seedbed preparation for corn are the same as those 
for the other crops. Standards for the other operations are indicated in 
Table 34· These standards contemplate a yield of 47i tons of silage or 
2 tons of fodder corn. The labor for silo filling inciudes that of the 
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tractor operator, who helps feed the silage cutter. No standard is pre-
sented for husking because the acreage uf corn husked was too small 
, to furnish an adequate basis for establishing a standard. 
Operation 
Planting, 2 horses 
Cultivating, 2 horses 
Cutting, 3 horses 
Cutting, 4 horses 
Shocking 
Silo filling 
Table 34 
Standards per Acre for Corn 
Hours per acre 
Implement 
Man Horse 
2-row planter ····· ...... 0-7 1.4 
t-row cultivator ......... I.J 2.6 
I-TOW binder ............ '-4 4-2 
1-row binder . . . . . . . . . . . . I.J 5.2 
................ 2.0 
................ 7-2 7-5 
Acres 
covered per 
10-hour day 
14-3 
7-7 
7•1 
7·7 
5-0 
The Northwest Experiment Station recommends 9 to 12 pounds of 
seed per acre if corn is drilled and 7 to ro pounds if it is checked. 
Three pounds of twine per acre should be sufficient for drilled corn 
and 2 Yz pounds for checked corn. 
Distribution of Labor on Corn 
The dates between which the usual crop operations on corn are per-
formed, together with the usual number of clays available, are presented 
in Table 35· 
Table 35 
Usual Dates and Work Days Available for Performing Different 
Field Operations on Corn 
Operation Usual dates 
Work days 
available 
Seedbed preparation May 1 to June 10 . • . • • • • • . . . . • . . . • . • • • • 26 
Planting :May 1 o to June to . . . . . . . . . . . . . . . 18 
Cultivating June I to Aug. I . . . . . . . . . . . . . . . . . . . . . . . 33 
Silo filling Sept. 10 to Sept. 25 . . . . . . . .. . . . . . . . . . . . . 10 
Cutting and shocking Sept. I o to Oct. 1 . • . • . • • • . • . . • . . . . • • • . . • I 3 
The daily distribution of man labor on a 30-acre field of corn is 
presented in Figure 30. Of the 30 acres, II ·5 acres were put in the silo 
and I 8.5 acres cut and shocked. Twelve acres were spring plowed and 
the rest fall plowed. The labor for fall plowing is not shown. Planting 
was clone on May 30 and June 2 and 3· The labor peak in September 
is the result of silo filling. 
Sugar Beets 
Usual Practices in Sugar Beet Production 
Sugar beets, on the farms studied, were grown under a contract with 
the American Beet Sugar Company. The company contracted for the 
entire crop at a fixed price before the beets were seeded. The farmer 
procured the seed and the fertilizer, also the contract laborers, through 
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the company. Payment for the seed, fertilizer, and contract labor was 
made by permitting the company to deduct these expenses from the pro-
ceeds from the crop. The American Beet Sugar Company paid the 
contract laborers. The field man employed by the company supervised 
the contract laborers to some extent. 
MAN 
HOURS 
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Fig. 30. Daily Distrihution of :Man Labor on a 30-Acre Field of Corn 
The labor peak for corn comes during silo filling and fodder har\'est in September. How-
ever, considerable proportion of the silo filling lahar is exchange labor. 
Sugar beets generally were put on the cleanest land and the seed-
bed was well prepared before seeding. Sixty-seven per cent of the 
sugar beets followed either summer fallow, potatoes, sugar beets, or 
corn. As a result only 38 per cent of the land was plowed. Most of 
the plowing was done in the fall. Approximately 20 per cent of the 
land was disked, most of it twice; 27 per cent was covered once with a 
spring-tooth harrow, a like amount was gone over twice, and 30 per 
cent was covered three or more times. Eight per cent of the land was 
covered once with an ordinary spike-tooth harrow, 3I per cent twice, 42 
per cent three times, and I I per cent more than three times. Eighty-
nine per cent of the land was rolled or packed. The beet seed was 
drilled in with a four-row drill and fertilizer was applied in the row by 
means of an attachment on the drill. The number of cultivations 
varied from four to eight with five and six the most common. Block-
ing, thinning, and hoeing were done by hand by contract laborers who 
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were paid by the acre. These beet workers were quartered on the farms 
during the sugar beet season. As they were paid by the acre, every 
member of the family worked. H arvesting included raising the beets 
partly out o f the ground with a horse-drawn lifter , and topping and 
piling were done by hand. This was done by contract laborers. Later 
they were loaded on wagons and hauled to the loading station at a rail-
way siding. The tops were usually piled and used for feed. 
Fig. 3 '. Contract Laborers in a Field of Sugar B eet s 
:Much of the labor of hoeing, weeding, and harvesting sugat heets is band work per-
fo rm ed by contract laborers who are paid by the acre. 
Variations in Labor Expenditures on Sugar Beets 
T he expenditures of man labor, horse work, and tractor work on 
ugar beets are presented in Tables 36 and 37· The year 1928 was 
selected fo r sugar beets as contrasted to 1927 fo r all other crops because 
the number of farms growing beets wa too small in 1927 to give a 
typical variation in expenditures. T he average expenditures were lower 
in 1928 than in 1926 or 1927 because of a la rger proporti on of the sugar 
beet crop being preceded by summer fallow or cultivated crops. This 
reduced the amount of labor neces ary fo r proper seedbed preparation. 
The data on expenditures on sugar beets show a variation between 
farms, primarily, as a result of the factor previously discussed. How-
ever , differences of yield and distance to market were perhaps more 
importan t because of the large amount of marketing- labor. 
Table 36 
Man Labor Used per Acre by Operations on Sugar Beets, rg28 
Plowing Disking 
Spring-tooth 
Rolling·'· harrowing Harrowing 
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-<.:'l ;; P:1 ·-;. P:1 ·-;. P:1 ·-;. P:1 ·-;. P:1 ·-;. "o ·- 0 ~_g oo f-<o f-<o f-<o f-<o f-<o VJ_., u.., o-1.., £-<.., 
029 I8 9-5 0.24 O.I8 0.48 !.93 0-48 1.23 0.14 0.7 5 o.8s 5-57 2.06 7-35 I7- I7 
III I7 10.7 I.07 2.00 0.!7 0-46 I. 13 2-92 
-59 !.46 1.50 4-48 2.83 9-35 21.12 
234 29 8.2 0.88 .s8 0.39 1.61 o.n J.OO 
-34 1.00 0-94 5-73 2.62 9-9I 2!.58 
022 z6 10.4 0.68 
·47 0.$7 0-93 o. 57 1.07 o.64 1.07 .96 !.47 o.88 7-00 2.$0 B.zs 22.05 
023 25 II.6 o.59 I.OO o.6I I.OO o.6s 2.00 
-35 I.OO o.83 7.68 J.I I 9·95 23-77 
Average 
Ig28 23 IO.I 0.36 .zs 0.45 0-79 0.44 1.21 0.73 2<.04 ·48 I. 14 1.00 6.og 2.62 S.g6 2 I. I 3 
I926 37 8.6 I.26 .56 0.46 0.88 0-99 !.70 o.86 J.2I .66 1.00 o.87 g.I4 3-39 9-55 27.I8 
I927 22· 10.7 1.35 o.ss 0.12 0.21 2.46 2.17 o.s8 !.84 0.70 0.96 o.g8 7-92 3·43 I0.48 z8.o2 
* Includes packing and pulverizing. 
Table 37 
Horse and Tractor Work Used per Acre by Operations on Sugar Beets, 1928 
Spring-tooth Seed- Culti- Lift- Market-
Plowing Disking harrowing Harrowing Rolling* ing vating ing ing Total 
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Sil i;;:s ~g e" Sg "'" Sg i;;:s i;;:s Sg o:> i;;:s "'" "' <~ >< ~] "o -- > ~] -- > t-<] -- > "o -- > -- > ~] ~] ~] ~] '"o r:. ...... t-<o t-<o ~ ... t-<o ~ ... ...... t-<o ~ ... t-<o ~ ... ...... 
029 18 9-5 0.24 0.18 1.92 1-93 1.44 1.23 0.28 0-75 1.64 I 1.14 6.30 14.65 37-37 0.24 
Ill 17 10-7 4-29 2.00 1.02• 0.46 3.6o 2.92· 1.95 1.46 2.03 8.87 10.41 18.13 50.30 
234 29 8.2 1.5 I .28 .sa 0.38 1.61 3.10 3.00 1.34 I.OO 1.88 11.71 7-2.1 31.32 58.09 0.66 
022 26 10.4 .68 
·47 2.27 0.93 ·57 1.07 1.25 0,3J 1.07 2.38 1.47 !.68 14.00 7·48 16.33 45·39 !.58 
023 25 11.6 2.36 1.00 2-44 r.oo 2.40 2.00 !.38 I.OO !.58 15·35 9-21 39.78 74·50 
Average 
1928 23 10.1 0.30 -24 .25 1.78 0.79 1.08 -19 1.21 2.36 0.07 2.04 1.47 1.14 1.76 12.21 8.13 24.04 53.13 0.50 
1926 37 8.6 3.81 ·47 .56 1.82 o.88 3·84 1.70 3·37 3·2·1 2.61 1.00 1.88 19.09 10.89 25.81 73.12 0-47 
1927 22 10.7 5.89 0.24 0.55 0.46 0.2·1 7·56 0.54 2.17 2.32 1.84 2.30 0.96 1.96 r6.ro 10.28 22.08 68.95 0.78 
*Includes packing and pulverizing. 
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Materials Used in Sugar Beet Production 
The American Beet Sugar Company has insisted upon the farmers 
fertilizing the land for sugar beets, and the application of 120 to 125 
pounds of 16 per cent superphosphate per acre is now an almost uni-
versal practice. The amount of seed varied from nYz to 19 pounds 
per acre, with an average of approximately 16 pounds. In some cases 
the sugar beet drill was rented from the sugar beet company at 50 
cents per acre. Current rates per acre for contract labor during the 
period of the study were $8.oo for blocking and thinning, $6.oo for 
hoeing and $ro for harvesting. In addition, the contract laborers 
were provided a place to live and a bonus if the yield exceeded a cer-
tain tonnage. The base yield and rate for computing the bonus were 
established annually by the sugar company. 
Standards for Sugar Beet Production 
The standards for seedbed preparation for sugar beets are the same 
as those for the other crops. Standards for other operations are indi-
cated in Table 38. 
Operation 
Seeding 
Cultivating 
Lifting 
Hauling to market 
Table 38 
Standards per Acre for Sugar Beets 
Equipment 
4-row drill ... _ ... __ ..... 
4-row cultivator ........ . 
I -row lifter ............ . 
Hours per acre 
Man Horse 
o.8 
1.3 
2.6 
8.8 
I.6 
2.6 
7-8 
17.6 
Acres 
covered per 
Io-hour day 
12-5 
7-7 
3-8 
LI 
The Northwest Experiment Station recommends seeding 12 to 18 
pounds of seed per acre. An application of 120 pounds of 16 per cent 
superphosphate per acre is recommended as a standard. Where it is 
necessary to poison cutworms, Yz pound of paris green and 12 pounds 
of bran per acre should be sufficient. 
Distribution of Labor on Sugar Beets 
· The usual dates for performing the field operations on sugar beets, 
together with the approximate number of days available for field work, 
are given in Table 39· Adjustment must be made in any particular 
year for variations in the advancement of the season. No dates are 
given for fall plowing, as that may be done any time between harvesting 
and the time the ground freezes. 
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With contract laborers performing much of the cultivating and harvesting work, the 
demands on the regular farm labor supply are not heavy except during harvest. The hours 
of labor performed by the contract laborers are not included with the figure. 
88 M INNESOTA B ULLETIN 282 
Table 39 
Usual Dates and Work Days Available for Performing Different 
Field Operations on Sugar Beets 
O peration 
Seedbed preparation 
Seedin g 
Cul tivat in g 
H arvesting 
W ork days 
U ual dates ava il able 
Apri l 20 to M ay 27 . . . . . . . • . . • . . • • . . . • . . 23 
April 29 to May 27 . . . • . . . . . . • . . . . . . . . . . 18 
May •s to Aug. 4 .. .. .. .. .. .. • . . .. . .. . .. 45 
Sept. 18 to Oct. 16 . .. . .. .. .. .. . .. .. .. .. . 18 
The daily expenditu re of man labor on a r8-acre fi eld of sugar beets 
is indicated in F igure 32. The hours given do not include the time of 
contract laborers. Because the contract laborers were paid by the 
acre rather than on a time basis, no record was made of the number of 
hours they worked. T he labor expenditures on sugar beets were at 
approximately the same time as tho e for potatoes and corn. H ow-
ever , there was no serious labor conA ict between sugar beet and the 
other crop , such as would occur if all the work was done with regular 
farm labor. 
Alfalfa 
U sual P ractices in Alfalfa H ay P roduction 
Alfalfa is commonly seeded with one of the small grains as a com· 
panion crop. O ut of 26 seedings of alfalfa during the three years, ro 
were with barley, 8 with wheat, 5 wi th oat , 2 with Aax, and one with no 
Fig. 33· H arvesti ng A lfalfa Hay 
Hay harvest is quickly fi nished when a crew and eq uipment s uch as this are employed. 
companion crop. Sometimes the land was given an extra working if 
alfalfa was to be seeded. Liming is generally unnecessary, as the soil 
in most of the Valley is well supplied with lime. T he application of 
superphosphate to alfalfa is gaining in favor. 
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Two cuttings of hay were commonly made. In exceptional cases a 
third cutting was made. Approximately 43 per cent of the acreage of 
the first crop and 37 per cent of the second crop was hauled to the 
barn. Whether the hay was stacked or hauled to the barn de-
pended largely on the distance of the field from the barn, the amount 
of mow space available, and the weather. Stacking was more general 
when fields were a considerable distan.ce from the farmstead, when 
mow space was not available, or when the hay became damaged by rain. 
When the hay was to be hauled in, it was generally raked, then either 
bunched with a rake or cocked by hand and loaded by hand. Hay 
loaders were used on only a few farms. 
When the hay was to be stacked by hand it was commonly brought 
in to the stack with a buck or sweep rake and pitched on the stack as 
long as convenient, then the stack was finished with the aid of a 
wagon. The hay was sometimes raked into windrows with a dump rake 
and then gathered from the windrow with a sweep rake. Various kinds 
of mechanical stackers were used on a few farms that had a large 
acreage of hay. 
The expenditures of man labor and horse work per acre on alfalfa 
hay, by cuttings and by operations, are presented in Tables 40, 4r, 42, 
and 43 for each of the farms studied in r927. The tables also give 
the average for each of the three years. 
Table 40 
Man Labor Used per Acre by Operations on the 
First Cutting of Alfalfa, 1927 
Turning Stacking Hauling to barn 
Farm Acres Yield, Mowing, Raking, and 
·Total 
No. per·· tons hours hours bunching, Times Times man 
farm hours Hours over Hours over hours 
026 I 5 o.6r 0.68 o.6r 0.41 0-99 1.00 2.69 
201 22 0.84 0-73 0,39 0.78 1.80 0.43 !.07 o.s7 4.77 
051 36 1.10 I. I 7 0.32 o. 13 !.45 o.62 1.76 0.38 4·83 
071 9 0.48 2.$2 o.95 0,17 1.35 o.n Q,l I 0.2J s. 10 
025 o.84 J.O I o.6s 3.82 1.00 5-48 
o8r 52 0.79 I.J I 0.63 o.os 0.70 0.2 I 2.92 0.79 5.6r 
r6r 54 1.00 1.03 O.J2 0.87 0.97 0,17 2.58 o.83 5-77 
023 29 o.gx 1.26 o.6z o.81 2. r6 o.87 1.48 O.IJ 6.3.J 
233 37 0.87 r.6o 0.59 0.15 3·55 o.82 0.67 o. r8 6.56 
031* 14 I .20 1.25 0.93 o.68 3-97 r.oo 6.83 
232 39 1.45 1.23 0.54 2.62 z..So 1.00 7-19 
231 41 I. OJ I. 14 o.ss 2.29 2-49 0.87 1.53 O.IJ 8.00 
024 12 o.84 I.06 0.67 3-44 5-05 o.83 0.21 0.17 10.43 
032* 8 I.J8t 0.72 r.s6 1.44 7·64 1.00 I 1.36 
082 2 1.82 2.7Jt 13.94 1.00 r6.67 
Average 
1927 27 o.g7 !.34 o.s3 o.go !.79 0.51 2.3 I 0.49 6.87 
1926 32 o.87 1.3 5 0.78 0-37 1.34 0.46 1.2 I 0.54 5·05 
1928 2' 0.79 I. I 7 0.79 0.41 I. I 5 0.42 1.36 o.58 4.88 
* Omitted from the average because not representative. 
t Includes yield of both first and second cuttings. 
t Includes labor of raking. This farm was omitted in determining averages for mowing 
and raking, 
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Table 4r 
Horse Work Used per Acre by Operations on the 
First Cutting of Alfalfa, 1927 
Farm 
No. 
2JI 
0$1 
071 
025 
o81 
r6r 
023 
233 
OJI* 
Average 
1927 
1926 
1928 
Acres 
per 
farm 
IS 
22 
36 
9 
7 
52 
5-1 
29 
37 
'4 
39 
41 
12 
8 
27 
32 
21 
Yield, 
tons 
0.79 
1.00 
0.91 
0.87 
1.20 
1.45 
I. OJ 
0.84 
1.38t 
x.Sz. 
0.97 
0.87 
0.79 
1\1owing, Raking, 
hours hours 
2.05 
2 . .\2 
3-19 
2.50 
2. I 2 
1.44 
4-sst 
2.6! 
2.]4 
1.22 
o.;X 
o.6s 
1.91 
1.29 
1.26 
1.01 
1.25 
I. I 8 
I.68 
o.83 
I. I 0 
I.JS 
3-13 
1.06 
t.S6 
1.54 
Stacking 
Times 
Hours over 
2.19 
1.60 
0.16 
4-03 
2.6s 
4-50 
7-58 
I. 76 
1.66 
I..p 
0.43 
0.62 
o.n 
l.OO 
0,2 I 
D.l] 
o.87 
0.82 
0.87 
o.83 
I.OO 
*Omitted from the average because not representative. 
t Includes yields of both first and second cuttings. 
Hauling to barn 
Times 
Hours over 
l-43 
2.14 
1.29 
0.22 
3· r6 
3·23 
2.20 
0.75 
5·7 5 
2.89 
1.69 
1.54 
1.00 
0-57 
0.38 
0.2J 
0-79 
o.S3 
O. IJ 
0.18 
I.OO 
I.OO 
O. I J 
0-17 
1.00 
0.49 
0.54 
o.s8 
Total 
horse 
hours 
4-01 
6.57 
s-87 
7-33 
7-34 
7-50 
7.:;o 
8.J9 
I 2. I 5 
21.52 
8.32 
7.62 
6.83 
:t Includes labor of raking. This farm was omitted in the averages for mowing anti 
raking. 
Table 42 
Man Labor Used per Acre by Operations on the 
Second Cutting of Alfalfa, 1927 
Turnmg Stacking Hauling to barn 
Farm Acres Yield, Mowing, Raking, and -----~. -----. ---Total 
No. per tons hours hours bunching, Times Times man 
farm hours _Hours over Hours over hours 
071 
2J2 
233 
OSI 
201 
025 
o81 
026 
!01 
231 
OJI* 
023 
032~ 
024 
o82 
Average 
1927 
1926 
1928 
9 
39 
37 
14 
22 
12 
54 
41 
13 
!6 
8 
21 
3.1 
18 
0.34 
0.2! 
o.s r 
0.44 
0.46 
o.85 
o.sS 
0.41 
0.44 
o.61 
0.70 
0.5 I 
I .J8t 
0.71 
I. 12 
o.ss 
o.ss 
o.66 
o.8.~ 
!.24 
1.25 
0.92 
o.66 
0.61 
I. I 6 
1.07 
1.07 
1.12 
1.16 
1.20 
1.23 
I. f-+ 
I. 16 
O.J4 
0.67 
0.39 
0-37 
0.39 
o.68 
0.79 
0.70 
o.s3 
o.s8 
o.83 
0.7] 
0-54 
o.s6 
!.49 
o .• p 
o.6o 
o.63 
2.89 
o.3s 
0.18 
0.5 I 
I.I8 1.00 
0 . .7J o.Sz 
I.Q6 1.00 
0-79 0.48 
1.3s 1.oo 
0.93 o.66 
o.s) o.s6 
1.35 0.$2 
J.Tg 1.00 
--1··~4 I.OO 
1.02 (1,5-J. 
0.99 o .. :;J 
I .og o.so 
* Omitted from the average becam~e not representative. 
t Includes yields of both first and second cuttings. 
o.8s x.eo 
o.s1 o. 18 
I. 70 1.00 
1.87 1.0-, 
o.r'ig 0.52 
o.6s o.34 
I. 19 O . ..J-4 
I.i 4 1.00 
I. I() O . ..J-8 
5.f0 I.OO 
1.09 OAG 
o.82 o.-1-7 
1.23 o .. ~o 
2.36 
2.76 
2.8s 
2-99 
J.O I 
3· J6 
3-43 
3-53 
3-78 
.f.02 
4-43 
4·53 
4-93 
9-33 
10.45 
4-33 
3.6) 
4.66 
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Table 43 
Horse Work Used per Acre by Operations on the 
Second Cutting of Alfalfa, 1927 
Farm Acres Yield, Mowing, 
Stacking Hauling to barn 
Raking, ------- --------·-
No. per tons hours hours Times Times 
farm 1J ours over Hours over 
07I 9 0.34 x.68 o.6o 2.35 1.00 
232 39 0.21 2.48 1.34 1.19 I.OO 
233 37 0.5 I z.so 0.78 0.64 o.82 o.67 o.I8 
05 I 14 0-44 r.Ss 0-74 1.33 I.O:J 
201 22 0.46 1.32 0.78 2.14 1.00 
025 7 o.86 1.22 1.37 2.02 I.OO 
o3I I8 o.ss 2.0$ I. 58 0.94 0.48 0-94 0.52 
026 I2 0.4 I 2. IJ 1.39 1.64 I. OJ 
I6I 54 0.44 2, I 5 1.07 o.go 0.66 o.SS O.J...J. 
231 4I o.G r 2.25 I. IS 0.64 o.s6 1.46 0.44 
OJ I* I 3 0.70 2.J2 x.66 3· I7 1.00 
023 I6 0.5 I 2.5 I !.54 1.6 I 0. 52 1.4 I 0.48 
032-~· 8 I.J8t 2 ..• p r.o8 3-25 I .00 
024 0.7 I 2.89 I. r I 3.56 1.00 
082 1.12 4-48 2.99 3-73 1.00 
Average 
192·7 2I o.ss 2.2] !.26 I. I I 0.54 1.05 0.46 
I926 33 o.ss 2.J2 0.94 1.29 o.sJ I. I 2 0.47 
I928 r8 o.66 2.38 1.34 I. 52 o.so 1.48 o.so 
·x· Omitted from the average because not representative. 
t Includes 
,_.AN 
HOURS 
30 
20 
10 
0 
yields of both first and second cuttings. 
f-
Ill! II 
Total 
horse 
hours 
4·63 
5.0 I 
4-59 
3-92 
4-24 
4.61 
5-5 I 
5· I 6 
s.oo 
s.so 
]. I 5 
7-07 
6.74 
7-56 
I I .20 
s.69 
s.67 
6.; 2 
--
-
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Fig. 34· Daily Distribution of Man Labor on a 29-Acre Field of Alfalfa 
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Two cuttings of hay were made. The first cutting may compete with corn, potatoes, 
and sugar beets for labor. However, the value of alfalfa justifies its inclusion in the rotation 
in the face of some competition. 
Seeding Rates for Alfalfa 
Approximately two-thirds of the alfalfa seedings were at the rate 
JJf from ro to 13 pounds per acre. The range in the rate of seeding 
was from 7:0 to 20 pounds per acre. The Northwest Experiment 
:--;tation recommends ro to I2 pounds per acre. 
Standards for Alfalfa Hay 
The standards for alfalfa hay are presented in Table 44· They are 
hased on an average yield of r ;,:+ tons for the first cutting and % ton 
ror the second. 
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Table 44 
Standards per Acre for Alfalfa Hay 
Acres 
Operation Implement 
Hours per acre covere~ per 
man 1n a 
Man Horse ro-hour day 
First Cutting 
Mowing s·ft. mower ........... . 1.00 z.oo 10.00 
Raking I o-ft. rake ............. . 0,44 o.88 22.70 
Cocking or bunching ........................ . 1.25 8.oo 
Hauling to barn With hay loader ........ . r.6o 2.15 6.40 
Hauling to barn Without hay loader ..... . J.OO 4-90 3-30 
Stacking With stacker ........... . 2·.00 2.8o s.oo 
Stacking Without stacker ........ . 3-'5 3-50 J.I8 
Second Cutting 
Mowing 5-ft. mower ........... . o.go r.8o I I.OO 
Raking 1o-ft. rake ............ .. 0.40 o.So zs.oo 
Cocking or bunching ........................ . 1.00 IO.OO 
Hauling to barn With hay loader ....... . I. SO I.iO 6.70 
Hauling to barn Without hay loader ..... . 2.30 3-75 4-JO 
Stacking With stacker ........... . !.70 2.10 5-90 
Stacking Without stacker ........ . 2.60 z.go J.8o 
Distribution of Labor on Alfalfa 
The time of cutting alfalfa varies with the progress of the season 
and the weather. The usual dates for putting up the crop, together 
with the number of days available, are as follows: 
First cutting June 25-July IS IO days 
Second cutting Aug.· I-Aug. 25 14 days 
In Figure 34 is presented the daily labor distribution on a 29-acre 
field of alfalfa from which two cuttings were taken. The labor on 
alfalfa conflicts with the work on corn, potatoes, and sugar beets. Be-
cause of the demands of these other crops, haying is sometimes delayed, 
with resulting deterioration of the quality of the hay. 
Sweet Clover 
Usual Practices in Sweet Clover Production 
Sweet clover grows well on most soils in the Valley. Limirig is 
rarely necessary. On the farms studied, sweet clover was always seeded 
with a companion crop. Thirty-nine per cen.: of the seedings were with 
oats, 26 per cent with wheat, 21 per cent with barley, 8 per cent with 
flax, and 6 per cent with miscellaneous crops. The sweet clover 
was usually plowed under some time during the second summer and 
the land then fallowed. In most cases the growth was either pastured or 
cut for hay or both. In a few cases the entire season's growth was 
plowed under in June or July and then the land fallowed. On several 
farms the hay was cut and bound with a grain binder, much the same 
as a grain crop. After curing, the bundles were either stacked or hauled 
to the barn. In general, sweet clover was allowed to become too mature 
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before cutting. As a result the hay was not of so good quality as it 
would have been with earlier cutting. On several farms the sweet clover 
was allowed to mature and a crop of seed was harvested. 
The amount of seed used per acre varied from approximately 9 to 
I8 pounds with a three-year average of I 1.2 pounds. T he soil was not 
limed on these farms. T hreshing charges approximated IS cents per 
bushel. 
Fig. 35 · A S weet Clover P asture in the Red Ri ver V a ll ey 
Sweet cl ove r in the rotati on a ids in weed control , prov id es a good pasture for lives tock, 
and may se rve as a so urce of hay . 
Standards for Sweet Clover Hay 
T he standards for harvesting sweet clover hay with a mower are 
the same as those for ·the first crop of alfalfa hay. T he standard for 
ctttting with a binder is the same as for fl ax , and hauling or stacking 
the bundles is the same as for hauling or stacking the fi rst crop of . 
alfalfa. It would , of course, be impracticable to use a hay loader 
or mechanical stacker with the bound bundle . T he Northwest Experi-
ment Station recommends planting 10 to 1 2 pounds of scari fied seed 
or IS to 20 pounds of unscari fied seed per acre. I t seem that z% 
pounds of twine per acre should be sufficient for an average yield. 
T he labor distribution for sweet clover hay is similar to that for the 
fi rst cutting of alfalfa hay. 
Wild Hay 
Usual Practices in Wild Hay Production 
Wild hay is usuall y grown only on land not suited to other crops. 
The soil may be too wet, too sandy, or deficient in some other respect 
fo r seeded crops. Only one cutting of upland wild hay was made and 
usually only one cutting of low-land or slough hay was taken. H ow-
ever, a second cutting was occasionall y made on small are,as where mois-
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ture conditions were particularly fa·\'orable for g rowth of a second 
crop . A somewhat larger 1 roportion of wi ld hay tha n of alfalfa was 
stack d. This was largely because the wild hay fi elds were u ua ll y 
located at a g reater distance from the building an I wi ld hay keeps 
better in the stack than a lfa lfa . Wi ld hay was not ordinarily hand 
cocked. 
T he expenditure of man labor and horse work per acre on wild hay 
for each of the fa rms studied in 1927 and the average for each of the 
three yea rs are g iven in Table 45 and 46. The data in the tab les 
indicate a di stinct relationship between the y ield and the amount of 
labor u ed a fter the hay was mowed. A the yield increased, the labor 
expenditure for 1 utting up the crop also increased. 
Fig. 36. A Wild H ay Field in t he Red River Va ll ey 
Wi ld hay is harvested from land which because of lack of drainage or low fertilit y 
would otherwise be waste. H arvesting methods often conserve labo r, but waste some hay. 
Table 45 
Ma.n Labor Used per Acre by Operations on Wild Hay, 1927 
tacking Hauling 
Farm Acres Yield, Mowin g, Raking, ----- Total 
No. per tons hour hours Times T imes man 
farm Hours over Hours over hou r 
026 67 0.48 1.1 6 o.54 1.21 0.93 o.o6 0.07 2.97 
07I I83 0.44 1..22 0.77 1. 26 0.90 0.28 0.10 3·53 
232 48 o.6 I 1.8 1 0.77 1.87 o.88 o.o9 0.12 4·54 
021 so o.63 1.38 0.42 2.80 1. 00 4.6o 
I6I IS 0.41 1.21 o.8r* 3.20 1.00 5.22 
233 4 1.60 1.60 1.20 2.93 o.83 o.66 0, 17 6.39 
o8 I 6 0.98 I.68 0.98 5·49 1.00 8. IS 
20 I I 3 1.00 I .69 0.88 1.12 0.38 5·04 0.62 8.73 
o8z q 1.14 1.30 1.14 3.8o 0.43 4.68 o.s7 10 .92 
Average 
19 27 45 o.8I 1.45 o.83 2.28 0 . 71 I. 56 0 . 2g 6. 1 2 
I9 26 36 0.93 1.43 o.6 I o.88 o.so 1.82 o.so 4·74 
1928 26 0.93 1. 38 o.64 J.66 o.6I o.so 0.39 4. I8 
• Includes 24 hours of hand spreading . 
. 
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Table 46 
Horse Work Used by Operations on Wild Hay, rg27 
Stacking Hauling 
Farm Acres Yield, Mowing, Raking, ----- Total 
No. per tons hours hours Times Times horse 
farm Hours over Hours over hours 
026 67 0.48 2.32 1.08 2.27 0-93 o. 12 0.07 5-79 
07I I83 0.44 2-44 !.55 2.28 o.go 0.5 I 0,10 6.78 
232 48 o.61 3.62 !.55 3.28 o.88 0.19 0.12 8.64 
02I 50 0.63 2.75 o.83 5-33 1.00 8.91 
I6I ,s o ... J-1 2.41 1.14 4Jir I.OO 8.!6 
233 4 1.6o 3· I 9 2.39 3· 19 o.83 '-33 O.J 7 10. JO 
o8I 6 0.98 3-36 '-97 6.89 I.OO 12.22 
201 I 3 r.oo 3·38 !.77 2.23 0.38 9·3 I o.6z 16.69 
o82 14 I. 14 2.60 2.28 4.1 I 0.43 5-70 0.57 q.69 
Average 
1927 4.1 o.81 2.90 r.62 3·29 0,7 I 2.42 0.29 10.23 
1926 36 0.93 2.86 1.24 0.95 o.so 2.39 o.so 7·44 
1928 ._26 b.93 2.75 1.28 !.97 o.61 0.77 0.39 6.77 
f'.,J 
Standards for Wild Hay 
The standards for wild hay are the same as those for the first cut-
ting of alfalfa, except that wild hay IS not ordinarily cocked by hand. 
Distribution of Labor on Wild Hay 
Because wild hay deteriorates rather slowly, it may be cut from 
June I 5 to Septtmber I, altho the most usual time is during the latter 
part of July or in August. 
The daily expenditure 
is presented in Figure 37· 
MAN 
HOURS 
20 
10 
c 
MAY JUNE 
of man labor on a Ij-acre field of wild hay 
One cutting was made in the middle of July. 
J 
JULY AUG SEPT. OCT. 
Fig. 37· Daily Distribution of Man Labor on a I 7-Acre Field of Wilu Hay 
One cutting of wild hay is customary. Since standing wild hay deteriorates rather 
slowly, the harve!Oting of the crop is sometimes delayed until much later in the season than is 
here indicated. 
Summer Fallow 
Summer fallow, as used on the farms studied, was primarily a means 
of weed control and the operations were governed by what was thought 
necessary to accomplish this object. The operations varied from plow-
ing and working once with a field cultivator or quack grass digger to 
plowing, disking, spring-tooth harrowing, and dragging. In some cases 
sweet clover was plowed under in June after it had attained considerable 
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growth and the land was not worked again until in August or Septem-
ber. The standards for the individual operations on summer fa llow are 
the same as those for seedbed preparation. 
Fig. 38. Summer Fallowing With a Spring·tootb Har.row 
Bare fallowing a part of the land in the farm each crop-grow ing season is practiced 
extensively in the Valley, primarily as a means of weed control. While this method of control 
is quite effective when properly done, it materiall y increases the unit cost of crop production 
and reduces the amount of land avail able for the growing of crops. 
Miscellaneous Crop Labor 
In addition to the regular field labor already discussed, there was 
also a considerable quantity of indirect or irregular labor used in crop 
production. This indirect and irregular work has been divided into two 
classes- manure hauling and miscellaneous crop labor. 
Manure Hauling 
Most of the manure was hauled to the fields either before the middle 
of June or after the first of October. Each year, approximately one-
tenth of the crop acreage on the farms studied received an application 
of manure at an average rate of 8.5 loads per acre. Part of the land in 
every common crop except wi ld hay received manure. Twenty-nine per 
cent of the manure hauled out, however, was applied on land in alfalfa 
or sweet clover-used either for pasture or meadow, or in other seeded 
hay crops. Twenty per cent of it was applied on land for corn, r8 per 
cent on land for potatoes, and 15 per cent on land for barley. Land 
for each of the other crops received less than ro per cent of the total. 
Because there was a smaller acreage of corn and potatoes, the proportion 
of the acreage in these crops receiving manure was somewhat higher. 
Approximately 25 per cent of the land in corn and potatoes and slightly 
less than that in seeded hay crops was covered with manure each year. 
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The annual expenditures of man labor and horse work on manure 
hauling, together with other related data, are presented for each of 
the farms studied in 1927 in Table 46. 
Table 46 
Man Labor and Horse Work Used for Manure Hauling, 1927 
Crop Animal Per cent 
Farm acres units per Total hours Loads Acres Hours per acre Loads of crop 
No. per too crop hauled covered per acreage 
farm acres Man Horse Man Horse acre covered 
032* 64 19 44 87 35 2 21.7 43-5 17.5 J.1 
021 213 16 83 196 6s II.8 28.0 9-3 3-3 
o26 402 10 289 554 218 15 '9-3 37-0 '4·5 3-7 
osr 334 14 267 317 r86 13 20.6 24-4 14-3 3-9 
022 139 9 105 196 So 6 17-4 3-"·7 13·3 4·3 
025 235 6 164 J28 133 12 13.6 27-4 I I. I 5- I 
233 309 14 29I 571 200 r6 r8.2 3o-4 12.5 5·-" 
23I 434 9 392 578 259 28 i4.0 20.6 9-2 6.s 
072 471 II 401 704 247 34 11.8 20.7 7-3 7-I 
o8r I63 JI 128 312 118 I2 Io.S 26.o 9-8 7-4 
232 sro II 774 1400 505 40 19-3 35-0 12.6 7-9 
023 264 II 354 702 196 23 15-4 30-5 s.s 8.8 
20I 33I 10 400 717 235 34 II.S 21.1 6.9 I0-7 
o82 I9l 14 284 478 I94 22 12.9 21.8 8.R u.s 
I6I 533 10 682 1372 so6 73 9-3 I8.8 6.9 13-7 
22I I32 r6 191 382 ISO 18 10.6 2·1.2 8.3 I3-7 
024 131 41 244 440 216 19 12.8 2J.2 II-4 14-5 
031* IIO 29 281 672 248 47 6.o 14-3 5-3 42-7 
Average 
1927 JOO 15 316 578 219 23 13-7 25.1 9-6 7-7 
1928 313 10 298 61I 257 35 s.s I7-4 7-3 11.2 
192·6 415 IO 356 685 246 t 
* Omitted from the average because not representative. 
t Number of acres covered in 1926 not available. 
Other Crop Labor 
In addition to the regular crop labor already discussed, there was 
usually some indirect or miscellaneous crop work, such as cleaning up 
trash left on fields, cleaning grain, marketing from farm storage, inspec-
tion of fields, and raking and piling beet tops. This miscellaneous crop 
work averaged 26r man hours and 137 horse hours ·per farm per year. 
This was approximately 7 per cent of the total man labor and 2 per 
cent of the total horse work on crops. 
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c::::::J EARLIEST AND LATEST OATES OF FARMS STUOt£0 
Fig. 39- The Periods for the Performance of Field-Crop Operations in the Red River Valle,· 
Different crops use labor at different periods during the year. The small-grain crops 
conflict with each other some, but interfere little v.;ith the performance of labor on corn, 
potatoes, or sugar . beets. 
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RELATIONS BETWEEN CROPS 
The previous section was devoted to an analysis of the demands of 
units of the different crops for the use of the farmer's productive re-
sources. This analysis involved the computation of basic amounts, or 
standards, of labor, power, and materials used for each operation, to-
gether with the direct cash outlay for contracted services and materials 
not ordinarily available on the farm. It involved also the selection of 
the usual dates for performing the different operations in the produc-
tion of each of the crops. It involved further a study of the usual 
practices in handling the enterprise, that is, the combinations of opera-
tions most commonly used and the number of times each operation was 
performed. In this section, attention is directed to an analysis of the 
relationships between the different crops, as shown by a summary of the 
data presented in the preceding section. Additional supplementary and 
complementary relationships touched upon in discussing the problem 
of soil improvement are given further attention. 
Proportional Demands for Use of Labor and Equipment 
A knowledge of the amounts of man labor and equipment used, on 
units, of the different crops is essential to a consideration of the acre-
age of each that can be grown with a given labor supply. The data 
presented in the previous section on: (I) the operations most commonly 
performed in the production and harvest of the different crops, ( 2) the 
usual number of times each operation was performed, and (3) the 
standard amounts of man labor, horse work, materials, and cash out-
lay for contract services and materials not ordinarily available on the 
farm are summarized in Tables 48 and 49. 
As horse power was most commonly used, only the standards for 
horse-drawn implements are summarized. Adjustments for the substi-
tution of tractor power and tractor implements may be made on the basis 
of standards for tractor work presented in Tables IJ, I4, and IS· 
When the preceding crop leaves the land in such a condition that an 
extra disking or spring-tooth harrowing may be substituted for plow-
ing, the total labor expenditure will be reduced by the difference in the 
requirements for the two operations involved. The total amounts of 
man labor and horse work presented for the hay crops are based upon 
standards for handling the crops without the use of a hayloader or 
mechanical stacker. Owing to varying conditions, both as between dif-
ferent years and on different farms in the same year, it is somewhat 
difficult to set up standard combinations of operations, particularly 
for seedbed preparation. However. the data available indicate that 
with >veed infestation no worse than average and with fairly normal soil 
Table 48 
Standards for Field Operations Performed with Horse Power in the Red River Valley 
Hay 
Alfalfa (1st cut.) 
Operation Hours per acre 
Times-------
over Man Horse 
lvlo\ving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r.o 
Raking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 
Bunching or hand cocking . . . . . . . . . . . . . . . . . . . . r .2 
Putting in barn .......... , . . . . . . . . . . . . . . . . . . J.O 
Stacking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.2 
Total- (barn) 
Total-(stack) 
5·7 
5·9 
2.0 
0.9 
Crops 
Alfalfa (2nd cut.) 
Hours per acre 
Times 
over Man Horse 
0.9 1.8 
0.4 o.8 
1.0 
2.J J.S 
2.6 2.9 
4·6 6.4 
4·9 5·5 
Small Grain and Flax 
Wheat Oats 
Operation Hours per acre Hours per acre 
Times Times -------
over Man Horse over Man Horse 
~~~··································· 2.0 10.0 2.0 10.0 
Spring·tooth harrowing (or disking) ......... . o.s 2.0 o.s 2.0 
Harro\ving ................................. . 0,4 I.6 0.4 1.6 
Seeding ................................... . o.s 2.0 o.s 2.0 
Cutting .................................... . 0,7 2.8 0.7 2.8 
Shocking .................................. . 0•9 0.9 
Threshing ................................. . 2.1 3·7 1.9 3·4 
Total 7· I 22.1 6.9 2!.8 
Sweet clover hay 
Hours per acre 
Times 
over Man Horse 
1.0 2.0 
o.s 0.9 
1.2 
3·0 4·9 
3·2 3·5 
5-7 j.S 
5·9 6.4 
Barley 
.. Hours per acre 
Ttmes -------
over ~vi an Horse 
2.0 10.0 
o.s 2 0 
0-4 1.6 
o.s 2.0 
0.7 2.8 
1.0 
2.1 3·7 
7·2 22.1 
Wild hay 
Hours per acre 
Times 
over :Man Horse 
1.0 2,0 
0.5 0.9 
3·0 4·9 
3·' 3-5 
4·5 7·8 
4·6 6.4 
lllX 
Hours per acre 
Times -------
over Man Horse 
2.0 10.0 
0.5 2.0 
0.4 1.6 
0 5 2.0 
0.8 J.2. 
o.S 
!.9 3· I 
6.9 21.9 
Table 48-Contined 
Standards for Field Operations Performed with Horse Power in the Red River Valley 
Cultivated Crops 
Potatoes Corn silage Corn fodder ___ S_ugar beets 
Operation Hours per acre Hours per acre Hours per acre Hours per acre 
Times Times ------ Times Times 
over Man Horse over :Man Horse over Man Horse over Man Horse 
Plowing ................................... . 2.0 10.0 2.0 10.0 2.0 IO.O 2.0 10.0 
Spring· tooth harrowing . . . . . . . . . ......... . 2 I.O 4·0 I.O 4·0 1.0 4·0 I.O 4.0 
(or di~king) .......................... . 
Harrowing .................. . 
(0.9) (3.6) (0.9) (3.6) (0.9) (3.6) (0.9) (3.6) 
0.4 I.6 0.4 I.6 0.4 r.6 0.4 I.6 
Cutting seed . . . . . . . . . ............ . 3-5 
Rolling .................................... . 0.4 I.6 
Planting ................................... . I.8 3.6 0.7 1.4 0.7 1.4 o.8 I.6 
Cultivating ................................ . 3·9 7.8 4 5·2 10.4 4 5·2· 10.4 7.8 15.6 
Spraying ................................. . 1.8 J.6 
Digging ................................... . I.8 7·2 
Picking and hauling ........................ . 13.0 s.o 
Cutting ................................... . 1.3 s.z 1.3 5·2 
Shocking .................................. . 2.0 
Silo filling ....................... . 7·2 7·5 
Lifting .................................... . 2.6 7.8 
Hauling ................................... . 8.8 Ii.G 
1viiscellaneous·x· ............................. . 3·8 
Total ................................. . 33·0 42.8 17.8 40,1 12.6 32.6 23.8 59.8 
*Includes hand hoeing, weeding, and sorting the potatoes. 
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and weather conditions, the combinations of operations presented in 
Table 48 may be used as a guide. A farmer can make the comparisons 
more useful to himself by adjusting the standards to the conditions on 
his farm. 
Table 49 
Standard Quantities of Materials and Values of Contract Services Used 
for Crop Production in the Red River Valley 
Production 
Crop per acre 
Wheat ......... !8 bu. 
Oats .. 42 bu. 
Barley ......... 35 bu. 
Flax .......... 10 bu. 
Potatoes ....... 125 bu. 
Sugar beets, roots 10 tons 
tops ton 
Corn, grain ... . 
Corn, stover .. . 
Silage ........ . 
Alfalia hay .... 
Swe:t clover hay 
Wild hay ..... . 
25 bu. 
1 ~ tons 
47il tons 
2 tons 
1 .!4 tons 
ton 
IVIaterials per acre Contract services 
Kind Quantity Kind Cost 
Seed . ....... IYi bu. Threshing, per bu. o.o6 
Twine . .. .. . . 2)1, lb . 
Seed . ....... bu. Threshing. per bu. .04 
Twine . ...... 2~ lb . 
Seed . ....... bu. T1ueshing. per bu. .04 
Twine . .. . ... 2~ lb . 
Seed . ....... Y2 bu. Threshing, per bu. . 12 
Twine . . ... .. lb . 
Seed 
········ 
14 bu.* Picking, per bu. . . . . . . o.os 
Superphosphate 
!6% ...... 250 lb. 
Paris green .. 2 lb. 
Lime ........ 4 lb. 
Copper sulphate 4 lb. 
Seed ........ !6 lb. Thinning and blocking. 
Superphosphate per acre . . . . . . . . . . . . 8. oo 
16o/o ...... 120 lb. 1-Io(ing, per acre . . . . . . 6.oo 
Paris green .. y, lb. Harvest, per acre . . . . . 1 o.oo 
Bran ........ 12 lb. Tonnage Lonus, rer acre o.6ot 
Seed. checked. 9 lb. 
Twine . ...... 2)1, lb. 
Seed ........ 12 lb. 
Twine . ...... lb . 
Seed I 2 lb.t 
~eed ........ 12 lb. 
* Potato growers near East Grand Forks commonly plant from 22 to 23 bushels per acre. 
t Computed on a base-yield of g.z tons per acre and a rate of 7 5 cents per ton. 
:j: The amount per year would be only 2.4 pounds on basis of the stand remaining on 
the same field five years. 
Almost identical amounts of both man labor and horse work were 
used per acre on the small grains and flax. The data in Table 48 indi-
cate that approximately 7 hours of man labor and 22 of horse work 
were used in growing and harvesting an acre of wheat, oats, barley, or 
flax. It should be remembered, however, that these amounts are stand-
ards based upon the accomplishments of the more efficient operators, 
as explained on page 47· Approximately equal amounts of man labor 
were used on sugar beets and potatoes, excluding the labor of picking 
the potatoes; but the amounts were about three and one-fourth times 
as much as were used on flax or the small grains. The amount of 
horse work on sugar beets, as compared with that on small grains and 
flax, was in about the same proportions as the amounts of man labor 
used on the two crops. Proportionately less horse work was used on 
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potatoes. Only about twice as much horse work was used on an acre of 
potatoes as on an acre of small grains. An acre of corn fodder received 
only slightly more man labor than two cuttings of alfalfa; but the 
amount of horse work used on corn fodder was more than double that 
used on alfalfa. Two cuttings of alfalfa stored in the lnrn occasioned 
the use of ro.3 man hours and r4.2 horse hours per acre, while the 
standard amounts for an acre of corn fodder put in>o the shock were 
r2.6 man hours and 32.6 horse hours. An acre of corn put in the silo 
made additional demands of 5.2 man hours and 7·5 horse hours as 
compared with an acre cut for fodder. ]n harvec;ting wild hay, 4.6 
man hours and 6-4 horse hours were used when the hay was stacked 
in the field. 
Ordinarily, with modern machinery, the regular labor and equip-
ment on a farm can harvest, with the occasional assistance of extra day 
help, as many acres of small grain as can be prepared and seeded in 
the spring. With extra help for potato picking, it can cultivate and 
harvest about the same acreage as can be seeded during the season 
favorable to planting. The total amounts of labor and equipment used 
on different crops, together with the number of days available for work 
on each crop, may not always be a safe criterion, however, in determin-
ing the acreage of each crop that a given supply of labor and equip-
ment can handle satisfactorily. Sometimes the peaks of demand-.; for 
the use of these factors are more important. For example, in most 
cases fewer acres of sugar beets can be cared for adequately than the 
total labor and equipment requirements per acre and the periods avail-
able for work would indicate. The cultivations must be timed with the 
blocking, thinning, and weeding, which is done by contract labor. J\'lore-
over, owing to the large tonnage yielded per acre, sugar beets draw 
heavily upon the hauling facilities at harvest time. 
Seasonality of Demands Upon Farm Resources 
It is important in the interests of economy that the farmer have 
productiw employment for his labor and equipment for the maximum 
portion of the working year. It is essential, therefore, that he select 
such crops as will dovetaii together without serious conflict so far as 
their demands for these factors are concerned. By considering the dis-
tribution of the demands for the use of labor and equipment (see Fig. 
3SJ), the competitive relations can be determined and crops chosen which 
ftt well together. For example, the preparation for and seeding of oats 
follow that of wheat in the spring; barley follows oats, and flax follows 
harley. At harvest time, barley ripens ahead of all other grains, wheat 
is ready to harvest ahead of oats, and flax follows oats. The grain 
crops interfere little with seedbed preparation and planting of the cul-
tivated crops-corn. potatoes, and sugar beets. Following through the 
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season, the cultivation of these crops is .completed ahead of grain har-
vest and they are harvested after the usual threshing . period. 
On the other hand, almost all the crops are to a degree competitive. 
While the preparation of the land for oats and seeding follow that of 
wheat, the seasonal demands for labor and equipment for these two 
operations are so nearly identical (see Fig. 39) that an increase in the 
acreage of one without an increase in the labor supply must be accom-
panied by a decrease in the acreage of the other. Corn and potatoes 
compete directly for labor and equipment. Harvesting alfalfa, sweet 
clover, and wild hay may conflict with the work of cultivating corn, 
potatoes, and sugar beets; but the hay crops provide the basis for em-
ployment of the farmer's time in feeding livestock in the winter. 
Hence, the farmer usually finds it desirable to hire extra clay help for 
a short period during hay harvest. 
Proportional Returns 
It has been noted that most crops that are near each other in the 
sequence of their demands for the use of labor and equipment are to a 
degree competitive, because the elates within which the field operations 
may be performed on them somewhat overlap. To the extent to which 
the seasons favorable to the production of different crops coincide, any 
one may be substituted for another or for all others. The value returns 
from the different crops, after deducting direct cash outlays, are 
important in this connection. The farmer, who is desirous of ob-
taining the maximum returns from the use of his resources, will want 
to consider the advisability of employing his labor and equipment on 
the competitive crop having the highest net value return per acre to 
the marginal limits of the season favorable to its production. This is 
especially significant when considering crops having approximately the 
same labor, equipment, and soil requirements as, for example, the spring 
grains and flax, or potatoes and sugar beets. 
In Table so is presented the cash value per acre by various crops 
grown in the Valley. Wheat, flax, potatoes, and sugar beets are raised 
almost exclusively as a cash crop. While oats and barley are grown 
primarily for f~ed, there is commonly a surplus over feeding require-
ments that is marketed as cash grain. On the basis of the crop yields 
and prices used, the figures in Table so indicate that among the four 
crops-flax, wheat, oats, and barley-flax yielded the largest cash value 
per acre after direct cash costs were deducted. The difference in favor 
of flax was $3.14 per acre as compared with wheat, $3.so per acre as 
compared with barley, and $6.63 per acre as compared with oats. It 
has already been noted that these four crops made approximately equal 
demands upon man labor, horse work, and equipment. Potatoes and 
sugar beets used about equal amounts of man labor. Potatoes, how-
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ever, yielded a 70 per cent greater cash value per acre than sugar beets. 
The returns from potatoes were higher than those from an acre of the 
small grains, with the differences in the amounts of man labor and horse 
work used considered. The cash value relations between potatoes and 
flax were favorable to potatoes. Potatoes yielded higher returns than 
flax per unit of labor expended and both potatoes and sugar beets 
yielded considerably higher returns per unit of land. With varied crop 
yields and with prices changed, the cash values of the various crops 
would change accordingly. 
Table so 
Cash Value Yielded per Acre by Various Red River Valley Crops 
Crop 
Item Wheat Oats Barley Flax Potatoes Sugar beets 
Standard yield, bu. or tons* 18.o 42.0 35.0 IO.O I 25.0 IO.O 
Amount seeded, bushels ..... r.s 2.0 2.0 o.s 14-0 
Net yield, bushels or tons ... 16.5 40.0 33·0 9·5 I I 1.0 10.0 
Relative sale price . . . . . . . . $ 0.90 $ O.JO $ 0.45 $ 1.90 $ o.65 $ 6.so 
Gross cash value .. 14.85 12.00 J4.ss 18.o5 72. I 5 65.00 
Direct cash costs:t 
Threshing . . . . . . . . . . . . . . . r.o8 I.68 1.40 J.20 
Picking ................. 6.25 
Thinning and blocking .... 8.oo 
Hoeing 
·················· 
6.oo 
Topping and piling ....... 10.00 
Tonnage bonus ........... o.6o 
Twine ................... O.J2 0.36 0.36 0.26 
Seed .................... 2.40 
Superphosphate 16 per cent 4·38 2.10 
Copper sulfate ............ l.OO 
Paris green .............. 0. 70 o. 18 
Lime . . . . . . . . . . . . . . . . . . . . 0.04 
Bran .................... 0.17 
Total cash costs . . . . . . . . 1.40 2.04 I.76 I..j6 I 2.37 29-45 
Cash value after deducting di-
rect cash costs ........... $13.45 9·96 $13.09 $16.59 $59·78 $35·35 
Hours of man labor used .... 7• I 6.9 7.2 6.g 24.0 23.8 
Hours of horse work used .. 22. I 21.8 22.1 21.9 42.8 59·8 
* Standard yields are those that might be expected if these crops were grown in a 
rotation using recommended varieties and following good cultural practices. 
t The prices used in computing cash costs were: Threshing: wheat 6 cents, oats 4 cents, 
barley 4 cents, and flax 12 cents per bushel; picking potatoes, 5 cents per bushel; twine, 
I 3 cents per pound; sugar beet seed, I 5 cents per pound; superphosphate, 16 per cent, $ !.75 
per cwt.; copper sulfate, 25 cents per pound; paris green, 35 cents per pound; lime. I cent per 
pound; bran, $!.40 cwt. 
In planning for the feed crops that he will grow, the fanner must 
consider not only differences i·n amount of feeds that can be obtained 
from an acre of the crops commonly grown in the Valley, but also dif-
ferences in the feeding value of the various crops as measured by unit 
content of digestible nutrients. The feeding value of the crops, based 
on standard yields per acre and average analyses, is indicated in Table 
5 I. Alfalfa leads all other crops in yield of total digestible nutrients 
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per acre. This is partly on account of its greater tonnage, but the great 
superiority of this crop in particular and of legumes in general over 
non-legume crops as feeds for animals adapted to consuming rough-
age is in their higher content of digestible protein. Sweet clover hay 
ranks below corn silage in total digestible nutrients, but the difference 
in favor of. an acre of silage is largely, if not entirely, offset by the 
larger amount of digestible protein yielded by sweet clover hay. An 
acre of corn and an acre of barley have approximately equal feeding 
value. Both have a marked advantage over oats and wheat. A 33-
bushel crop of barley contains 38 per cent more digestible nutrients 
than a 40-bushel crop of oats and 6I per cent more than a standard 
crop of wheat. Sugar beet tops have a feeding value about two-thirds 
that of corn silage, pound for pound. 
Table 51 
Feeding Value Yielded per Acre by Various Red River Valley Crops 
Digestible matter 
Yield available as feed* Production costs 
per Pounds 
Crop acre of Total Hours Hours Direct 
less feed digestible Digestible man horse cash 
seedt nutri~nts protein labor work costs 
Barley 
Grain ......... 33 bu. I,584 I ,256 142· 
Strav.r~ ton z,ooo 
Total r,z56 142 7· I 22. I $I.?6 
Oats 
Grain ........ ·40 bu. r,z8o gro 124-
Straw~ I)4 tons z,soo 
Total 
······· 
9IO 124 2!.8 2.0-f. 
Wheat 
Grain .......•. rGYz bu. 990 ?84 87 
Straw~ 
········ 
I ton 2,000 
Total 
. ·····. 
784 87 7· I 22. I 
Corn fodder 
Grain •......• 25 bu. r,6oo 1,297 Il4 
Stover§ IJ;,! tons z,soo 385 IS 
Tot~! 
······· 
r,68z 132 I 2.6 J2.6 I. I 5 
Corn silage ..... 4J4 tons 8,soo 1,428 102 I7.8 40.1 I. so 
Sugar beet tops I ton 2,000 I46 I4 
Alfalfa hay ..... 2 tons 4,000 z.,o64 436 IO.J 14.2 0.8411 
Sweet dover hay IJ;,! tons 2,$00 1,267 z68 5·7 7.8 I. 20 
Wild hay ....... I ton 2,000 964 6o 4·5 7.8 
*Based on average analyses given In HFeeds and Feeding." by Henry and IVIorrison. 
t Based on data in Table 49· 
~ Barley straw, oat straw, and wheat straw furnish so little digestible matter that they 
are seldom used as feeds except to allow livestock access to the stacks in addition to regular 
feeding; for this -reason their digestible nutrients are disregarded here. 
§The original feeding value of stover has been adjusted for losses occasioned by 
weathering under the usual methods of handling the crop, and by failure of the animals 
to consume the whole plant. The figures given here for digestible matter in the sto\·er 
available as feed are not more than one-third of the original feeding value. 
11 Seed cost is based upon the assumption that the stand will remain on the same field 
for five years. 
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Additional Supplementary and Complementary Relations 
It has already been noted how crops may supplement one another 
with reference to the use of labor and equipment, because of the sea-
sonality of their demands. Another important aspect of this relation 
is in the use of land. It is known that plant food becomes available 
in the soil at a rate somewhat slower than the capacity of plants to 
withdraw it. But it is known, also, that crops are essentially different 
in their plant food requirements. Thus, by placing a different crop on 
a field each succeeding year each crop is able to draw from the land 
increments of its requirements somewhat in proportion to the rate at 
which the elements are made available through the chemical, physical, 
and biological reactions within the soil. Moreover, some fields are 
more badly infested with weeds and some crops, notably legumes and 
intertilled crops, are able to produce efficiently in competition with the 
weeds. 
Legumes and cultivated crops not only supplement the small-grain 
crops by producing efficiently in competition with weeds and other con-
ditions adverse to small grains, such as a compact soil and cereal dis-
ease infestation, but they are also complementary, that is, they make a 
contribution to the production of the other crops, because they improve 
soil conditions and eradicate weeds, thereby increasing the efficiency 
of production of subsequent crops. On the other hand, legumes fre-
quently receive protection from the small grain when used as a com-
panion crop. The cultivation of potatoes and sugar beets may partially 
prepare the land for seeding a small grain. All the feed crops and the 
livestock enterprises have this interdependent relation one to the other. 
It is evident that the farmer, in arranging his cropping system, must 
have in mind a variety of crop relationships, some conflicting, others 
supplementary, and still others that are complementary. In a general 
discussion these competing, complementary, and supplementary rela-
tionships do not all lend themselves to exact measurement. Their im-
portance, however, in a consideration of the most profitable utilization 
of the resources of a particular farm, is obvious. They are much more 
tangible when localized to the specific conditions on any farm. 
SUGGESTIONS ON CROPPING SYSTEMS 
The primary interest in an economic analysis of crop production 
is to devise a cropping system or systems that will contribute, along 
with the livestock enterprises, to maximum returns from the use of the 
farmer's resources, that is, his land, equipment, labor, materials, and 
managerial attention. We are now in position to view the economy of 
the use of these factors in crop production in the Valley and on the 
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basis of the foregoing analysis to make some suggestions as to wherein 
some readjustments can be made which promise to result in greater 
returns. These readjustments may involve changes in either the choice 
of crops grown, the proportions between the acreages of the different 
crops, or the practices used in the process of crop production, or perhaps 
in all three. 
Several considerations already mentioned suggest the advisability of 
some modifications of, first, the choice of crops grown in some instances 
and, second, the proportions between the acreages of the various crops 
on many more farms. Chief among these considerations, or problems, 
are: (I) the control of weeds, ( 2) the control of diseases, ( 3) the 
improvement of the soil, (4) better drainage, and (S) the adjustment to 
the relatively low pnce of wheat occasioned by intense regional 
competition. 
The analysis of these difficulties standing in the way of greater 
crop returns, together with the best methods of controlling and gradu-
ally overcoming them, indicates that their solution is embodied largely 
in the addition of more acres of legumes and intertilled crops to the 
cropping systems. A cropping system containing a liberal acreage· of 
sweet clover and cultivated crops, when supplemented with late sum-
mer fallow following the second-year crop of sweet clover and early 
fall plowing of the stubble fields, will control weeds and many of the 
plant diseases which carry over in the soil. Alfalfa can also be de-
pended upon to eradicate weeds if allowed to stand on the same field 
for several years. Furthermore, legumes in the rotation, especially 
sweet clover, assist in securing better drainage and aeration of the 
soil through their deep-rooting qualities and they are an assurance that 
the soil will be built up and afterwards maintained in good physical 
condition and a high rate of fertility. 
The problem of adjusting crop acreages to the low level of wheat 
prices would be somewhat automatically taken care of by the modifi-
cations essential to the solution of the problems discussed above. In 
the process of adding more acres of legumes and intertilled crops, the 
acreage on the farm available for wheat anc' other small grains would 
be decreased and conditions favorable to lower production costs for 
wheat would be provided. Thus, with a smaller proportion of the farm 
devoted to wheat, the risk from occasional low wheat prices would be 
lessened and with the conditions necessary for obtaining better yields 
provided, wheat grown in the Valley can compete on a much more fav-
orable basis with wheat grown in the regions adapted to lower-cost 
methods of production, but returning lower yields. 
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Crop Rotations 
These problems of crop production can ordinarily be met most effec-
tively through the adoption of a crop rotation system-a crop produc-
tion program extending over a series of years which provides for the 
growing of approximately equal acreages of selected crops, or groups 
of crops each year and the shifting of these from field to field in a 
regular order so that each portion of the cultivated area of the farm is 
used at least once for each crop, or groups of crops, in the period of 
the rotation cycle. The number of years required to complete the rota-
tion cycle corresponds to the number of crops and groups of crops in the 
rotation system. On the completion of one rotation cycle the succes-
sion is repeated. 
Four different crop rotations, all containing at least one field of 
legumes and one of cultivated crops in the course of the rotation, are 
recommended by the Northwest Experiment Station for farms of dif-
ferent sizes and keeping different amounts of livestock.U 
Suggested Crop Rotations for the Red River Valley 
For the medium sized farm with livestock 
r. Wheat 
2. Sweet clover pasture 
3. Com, potatoes, and sugar beets 
4. Oats or barley, or both 
s. Alfalfa for hay' 2 
For the medium sized farm with less livestock 
1. vVheat 
2. Sweet clover for ha) and pasture 
3. Corn, potatoes, and sugar beets 
4. Flax 
s. Oats or barley, or both 
For the large sized farm with livestock 
r. Barley 
2. \;vheat 
3. Oats 
4. Sweet clover pasture 
s. Corn, potatoes, and sugar beets 
6. Flax 
7. Alfalfa" 
For the large sized farm with less livestock 
I. Barley 
2. Durum wheat 
3. Oats 
4· Sweet clover 
s. Corn, potatoes, and sugar beets 
6. Flax 
7. Common bread wheat 
11 Crops and Soils Handbook, Northwest Experiment Station, Crookston, J\1innesota. 
12 The alfalfa is left until necessary to plow it up. It is then started upon one of the 
other fields and the crops from that field are transferred to the old alfalfa field. 
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It is expected that these rotations will be used only as a guide by 
individual farmers interested in making readjustments in their crop-
ping systems as a means of solving their crop production problems. In 
arranging his rotation the farmer must have in mind, in addition to 
the considerations of maintenance of soil productivity and weed con-
trol, the various relationships between different crops discussed in the 
previous section. A good crop rotation should provide for, in addition 
to soil improvement and weed control, the maximum use of the avail-
able supply of labor, power, and equipment by spreading the demands 
for the use of these factors as uniformly as possible over the working 
year. Preference should be given to crops yielding the highest market 
or feeding value per acre insofar as it can be accomplished without too 
seriously neglecting the two important requirements of the rotation 
just mentioned, namely, labor distribution and maintenance of soil fer-
tility. The sequence of crops should be such that each crop will follow 
the one preceding with the most favorable conditions for yield and with 
the minimum amount of labor for seedbed preparation. 
The farmer must have in mind, also, the relationships between crops 
and livestock, briefly discussed as one of the complementary relation-
ships of crops and more fully discussed in Minnesota Agricultural Ex-
periment Station Bulletin 283, "An Economic Study of Livestock Pos-
silibities in the Red River Valley of Minnesota." The cropping system 
should provide the variety and amounts of feeds needed for a suitable 
combination of livestock enterprises, thus reducing to a minimum the 
necessity for purchasing feeds. 
In considering these inter-relationships between the various crops 
and between crops and livestock, different farmers will find that they 
have widely varying significance to them because situations on different 
farms are never quite the same. Not only do farms vary in size and in 
their adaptation to crops with reference to soils and markets, but farm-
ers haye different kinds and amounts of labor, power, and equipment 
at their command, and they themselves vary in their aptitudes for 
handling different crops. 
\iVith conditions varying so widely from farm to farm, more 
specific suggestior!s on crop selection and cropping practices must 
tal<:e into account the individual farmer's productive resources and 
the pos'iibilities of these resources in the ·p.roductive processes. 
Application of the general conclusions and data previously set forth 
in this bulletin to the task of planning readjustments in cropping 
systems as a ·part of the undertaking of planning a more profitable 
utilization of all the resources on individual farms is discussed and 
illustrated in Minnesota Agricultural Experiment Station Bulletin 
No. 284, "Planning Systems of Farming for the Red River Valley 
of Minnesota." 
